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IN RESUMING PUBLICATION of EVOLUTION 
we wish to express our appreciation to all those 
loval readers whose assistance has made this poss- 
ible. We shall now come out regularly, and feel 
sure that an ever growing circle of readers will deem 
EVOLUTION worthy of their active co-operation. 
EVERY reader is invited to take part in this effort 
to dispel the darkness by spreading the light. 


PERMIT US LO IN'TRODUCE three “contribut- 
ing editors,” who have already assisted in the pro- 
duction of FVOLUTION in the past. Edwin T'en- 
ney Brewster is author of “Creation: A History 
of Non-evolutionary Theories” and of “Phis Puzz- 
ling Planet; Maynard Shipley is President of the 
Science League of America; Horace Elmer Wood 
II is Professor of Geology at New York University. 
COMMEMORATING THE FACT that the first 
public recognition accorded Charles Darwin from 
abroad was his election to the Philadelphia Academy 
of Natural Sciences upon recommendation of Joseph 
Leidy and Isaac Lea, Dr. Joseph Leidy Il, repre- 
senting the American Association for the Ad- 
vancement of Science, presented a bust of Darwin 
at the recent dedication of Darwin’s old home, 
Down House, as a public monument. EVOLUTION 
joins in honoring Uhe Great Emancipator of the 
Human Intellect with the reproduction on the front 
cover. 

WHY THE LVIDENT DESIRE of a number 
of American scientists to erase the “taint” of our 
ape-aucestry? What is there about it to fill us 
with either pride or shame? Isn’t it merely a ques- 
tion of FACT? It may easily be true that Man 
has been Man for a much longer period than we 
had thought. If so, what of it? Suppose even that 
Man has never passed through an arboreal stage. 
Again, what of that? VOLU'TION holds that our 
opinions on these points should be based solely upon 
what are found to be the facts, and influenced not 
at all by any yiclding to popular prejudice. Cert- 
ainly not a single reputable scientist living today 
denies the Man-Ape relationship outright. ‘The 
dispute is merely as to the degree of this relation- 
ship, and that can only be settled definitely upon 
the basis of additional evidence. Any feeling of 
“disgrace” in this connection is unscientific senti- 
mentalisim, and ill serves the cause of Truth. ‘Soft- 
pedalling” may be good for popular publicity, but 
a scientist who presents his case so that even funda- 
nientalist dogmatists can quote him with approval 
as supporting them deserves no sympathy in his 
predicament. Ti... Bis ks 


A Real Education 


By VHOMAS HENRY HUXLEY 


UPPOSE it were perfectly certain that the life 
S and fortune of every one of us would, one day 
or another, depend upon his winning or losing 
a game of chess. Don’t you think that we should 
all consider it a primary duty to learn at least the 
names and the moves of the pieces, to have a notion 
of a gambit, and a keen eye for all the means of 
giving and getting out of check? Do you not think 
that we should look with disapprobation amounting 
to scorn, upon the father who allowed his son, or the 
state which allowed its members, to grow up without 
knowing a pawn from a knight? 

Yet it is a very plain and elementary truth that 
the life, the fortune, and the happiness of every onc 
of us, and, more or less, of those who are connected 
with us, do depend upon our knowing something of 
the rules of a game infinitely more dificult and com- 
plicated than chess. It is a game which has been 
played for untold ages, every man and woman of 
us being one of the two players in a gaine of his or 
her own, he chess-board is the world, the pieces 
the phenomena of the universe, the rules of the 
game are what we call the laws of nature. ‘Lhe 
player on the other side is hidden from us. We 
know that his play is always fair, just and patient. 
But also we know, to our cost, that he never over- 
looks a mistake, or makes the smallest allowance 
for ignorance. ‘To the man who plays well, the 
highest stakes are paid, with that sort of over- 
flowing generosity with which the strong shows de- 
light in strength. And one who plays ill is check- 
mated—without haste, but without remorse. 

Well, what I mean by Education is learning the 
rules of this mighty game. In other words, edueca- 
tion is the instruction of the intellect in the laws of 
nature, under which name I include not merely 
things and their forces, but men and their ways; 
and the fashioning of the affections and of the will 
into an earnest and loving desire to move in harmony 
with those laws. For ine, education means neither 
more nor less than this. Anything which professes 
to call itself education must be tried by this stand- 
ard, and if it fails to stand the test, I will not call 
it education, whatever may be the force of author- 
ity or of numbers upon the other side. 


When you know a thing, to hold that you know it; 
and when you do not know a thing to allow thyt 
you do not know it—that is knowledge. i? 

Confucius.’ :, 
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How Evolution Works 


By HB. J. MULLER 


I. IS EVOLUTION A “FACT?” 

S evolution “a fact?? Am I a fact? What is a 
fact? The philosopher says that he can not 
say I am a fact, but that he knows he is a fact, 

and that that is all he knows for sure, but I am 
not sure he knows that much. However, I will not 
dispute it with him. He and I and evolution may 
all be a hoax, but I think we have enough evidence 
to convince us that we will all have to stand or fall 
as. hoaxes together. And that is enough to satisfy 
me, at the present stage of the game. If I am a 
hoax, you may be sure then there is no evolution, 
and if evolution is a hoax you may be sure there 
is no ime, but if either 
evolution or I exist, then 
you need not. doubt that 
the other exists too, and 
by the same token: for 
it is by the same process 
of piccing together, in- 
terpolating, a kind of con- 
tinuity in the intervals be- 
tween the separated but 
consistent momentary 
glimpses of us which you 
get sense evidence of from 
time to time, that you can 
reconstruct a convincing 
coneept of each of us, H. J. MULLER 
evolution and me. Certainly, if any one could prove 
that cvolution had not occurred, in spite of the over- 
whelming evidence we have of it, I should have my 
conception of the consistency of the universe so 
destroved that I should see little reason left to 
credit the truth of my own existence. So remember, 
if you will, evolution is not a fact—no, not at all— 
no more a fact than that I exist or that vou are 
reading the words on this page. 

It ill befits us, however, to remain wrangling over 
such abstractions when we stand confronted with 
the view of a great hitherto unknown world of which 
we form a part. Admitting, for purposes of living, 
the reality of this world es ours, we must forthwith 
bestir ourselves to find out its possibilitics and the 
rules which govern its activities. Even though we 
may be but as little motes drifting helplessly in its 
great currents, still we can not keep our self-respect 
as men without striving to understand its oper- 
ations, and, if possible, to make at least some little 
impression upon them. What, then, are the methods 
of operation of these great evolutionary processes 
in which all life has been caught? 


: This article, given originally as a public lecture on 
the Method of Evolution” at the University of Texas 
May 6, 1929, has been brought up to date by the author. 





II. THE QUARREL OVER THE CAUSATIVE 
AGENT 


It is here that the real doubt and divergence of 
opinion among the so-called “experts” has been sup- 
posed to exist. “Darwinism is dead,” it is some- 
times parroted, and though Kammerer dicd trag- 
ically by his own hand, the hypothesis of the mheri- 
tance of acquired characters which he among others 
advocated is claimed to have plausibility. Many, 
if not most, medical men still believe in it, but some 
philosophers prefer evolution through a kind of 
inner drive—“‘orthogenesis ;” still others who make 
themselves heard believe that instead, or in addition, 
there is a direct influence of the kind of environment 
upon the kind of variations that occur, with the 
result that fitter and fitter, or occasionally, less 
and less fit, organisms are brought into being. To 
“explain” the fortunate adaptive responsiveness on 
the part of the organism, the guesses range from an 
internal, rather short-sighted, cell-intelligence, the 
“onteleche,” to an external, far-visioned perfect- 
ing principle. 

Amongst the various voices—so our students 
have to learn from some contemporary texts—there 
are also to be heard the voices of “neo-Darwinians,” 
who arrive at a finite end by an almost infinite num- 
ber of steps, or slides, back and forth, of almost 
zero individual magnitude, the backslides, however, 
being each tine discontinued. And opposed to these, 
it is often stated, are the voices of different kinds 
of “mutationists.” Some of the latter would have 
one adapted species change directly into a differ- 
ently adapted species by just doing so; others 
would have each more advanced type emerge out of 
the more primitive type by losing an inhibition. 
Then, too, there are the voices of those claimants 
who say that new products arise only by the cross- 
ing of preexisting types, followed by the formation 
of a combination type representing certain elements 
from cach of the old. It is not explained here 
whether the second species arose by crossing between 
the first and third or whether the third species arose 
by crossing between the first and second, or both. 
Altogether, vou sce, this is not a process of a species 
raising itself by its bootstraps—not so crude. Here 
A lifts B’s bootstraps, and B lifts A’s, onward and 
upward forever! 

After such a maze of opinions, of which these 
form only a part, the slate is left pretty blank (or 
rather, evenly scrawled over) for the teacher, the 
student or the outsider to write in, large, his own 
personal beliefs. Among these, there is one com- 
mon. It starts out by stating that every effect 
has its cause, and a definite effect has a definite 
cause, and goes on to say that therefore it is only 
reasonable to suppose that a definite kind of varia- 
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tion, or difference arising between an offspring and 
its parent, must have been duc to some definite con- 
dition or stimulus, within or surrounding that par- 
ent, whether we can at present trace it or not. A 
repetition of this condition then would bring forth 
a similar variation again. In some quarters it is 
added further that such causation must therefore 
tend in itself to explain the course of evolution. 
This in turn would seem to circumvent the necessity 
of invoking “natural selection” to do more than 
help out in a secondary and occasional fashion. 
For it is often said it fecls “philosophically unsatis- 
fying” to believe that all the order and organization 
of living things could have come about through such 
a chance process as natural selection admittedly is. 

It is evident that a real decision of the questions 
at issue can be reached only on the basis of real 
data regarding the nature of those differences which 
distinguish one generation of individuals from its 
predecessors, and which they in turn tend to trans- 
mit as a heritage to their descendants. That is, 
we must not remain content to view evolution from 
afar, but must view close up, as through a micro- 
scope, the transitions now occurring out of which the 
evolutionary story is pieced together. The science 
which essays this study is “genetics.” 


III. GENETIC PRINCIPLES REVIEWED FOR 
THE NON-BIOLOGIST 


During the present century genctics, building 
upon the earlicr discoveries of Mendel, has practi- 
cally solved the problem of the method of inheri- 
tance of the differences referred to, once they have 
arisen, All modern genetic work converges to show 
that the heritable differences between parent and 
offspring, between brother and sister, in tact, be- 
tween any organisms which can be crossed, have 
their basis in differences in minute self-reproduc- 
ing bodies called genes, located in the nucleus of every 
cell. The genes themselves are too small to be 
separately visible, but hundreds or thousands of 
them are linked together into strings, and these 
strings of genes, together probably with some ac- 
cessory material, are large enough to be seen through 
the microscope by the cytologist; they constitute 
the sausage-shaped bodics called chromosomes. We 
know that, ordinarily, each individual gene in a 
string is different from every other gene in the 
same string, and.has its own distinctive role to play 
in the incomparably complicated economy of the 
cell. Morcover, the gencs in different chromosomes 
are different from one another, except in the case 
of homologous or twin chromosomes, 7.¢., the corre- 
sponding chromosomes which cach cell of an individ- 
ual received from the father and from the mother of 
the individual, respectively. To match each chromo- 
some that was derived from your father, every cell 
of you has in it also a similar chromosome( though 
not necessarily quite identical) derived from your 
mother, so that it contains in all two complete sets 
of genes . The proper functioning of the cell dur- 
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ing its life depends upon the proper cooperative 
functioning of its thousands of different genes. 

Kach given gene in the cell must of course have 
its own specific chemical composition, differing from 
gene to gene, though there is no doubt a chemical 
relationship between all genes. As yet, however, 
we have no knowledge as to what the chemical com- 
position of any individual gene, or of gencs as 
a group, is. Whatever it is, we can not escape the 
fact that the different genes, through differing chem- 
ical reactions with other substances in the cell, pro- 
duce by-products which have a very profound in- 
fluence upon the properties of the protoplasm. 
And through the combined influences of all the chem- 
ical products of the thousands of different genes 
in a cell, meeting one another in the common pro- 
toplasm and then interacting in devious ways to 
form further products again, the exact form and 
physical and chemical characteristics of all parts of 
the cell that contains those genes will be determined, 
for any given sct of outer conditions. Changing 
conditions external to the ccll will of course change 
the properties of the protoplasm too, but what 
form and behavior it can and will show for a given 
sect of outer conditions depends primarily upon what 
genes it has. And since the body of a man or other 
animal, or a plant, is made up of its cells, and the 
form and other propertics of that body depend 
upon the properties of these constituent cclls—their 
form, the way they fit together and work—it is 
evident that, less directly but no less surely than 
in the case of the individual cells, the characteristics 
of the whole body depend upon the nature of the 
genes in the individual cells. 





These individual cells of the body have, during 


the development of the embryo, been derived from * 


the original fertilized egg cell, through a succession 
of cell divisions in the course of cach of which every 
chromosome and every gene present in the dividing 
eell also divided in half. one half of every chromo- 
some and gene then entering one of the two daughter 
cells and the other half entering the other daughter 
ecll. Between divisions the chromosomes and genes 
usually had a chance to grow back to their original 
size. Thus it results that every cell of the body has 
the sae kinds and numbers of chromosomes and 
genes as thie fertilized egg had, and as every other 
cell in the body has. The original two sets of genes 
of the fertilized egg—one set received from the sperm 
of the father, the other similar set derived from what 
the egg of the mother contained before fertilization 
—are still both present in every cell of you. But 
these two scts of genes of the fertilized egg were all, 
and more, than were needed to result in a complete 
man. We see, then, that every single cell of vou, in 
the skin, the brain or anywhere else, contains tlic 
makings of a complete man or woman, and that you 
are in this sense wrapped up within yourself many 
trillion fold. Not each cell may grow up into an 
entire man, of course, but must remain content to 
do its specialized share. even though it has a full 
(Continued on page 14) 
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Present Problems of Evolution 
By EDWIN G. CONKLIN 


hibitions in some backward states, the fact of or- 

ganic evolution stands as the only scientific ex- 
planation of the origin, distribution and relation- 
ships of living things. The only problems of evolu- 
tion at present in dispute among scientific men con- 
cern the methods and causes at work, and the only 
way in which such problems can be solved is by 
studying evolution as it is going on today. 


ies spite of much antagonism and some legal pro- 


I. THE MATERIALS OF EVOLUTION 


Darwin recognized the truth of this and devoted 
much of his attention to the variations of animals 
and plants, since lhe regarded these variations as 
minor steps in the process of evolution. Such vari- 
ations occur generally among wild and cultivated 
species and the extent to which they may go is shown 
by the various races of domestic animals and cul- 
tivated plants which have been produced under hu- 
man guidance. Although all students of the sub- 
ject have known that some variations are inherited 
and otlhiers not, that some are large and othicrs small, 
it was not until the work of Bateson and deVries 
sone thirty or forty years ago that the importance 
of these different forms of variations was fully recog- 
nized. DeVries especially demonstrated that in- 
herited variations might be very great, so that an 
“elementary species” might be born in a day, and 
these variations be nanied “mutations.” whereas all 
variations which are not inherited be called “fluctu- 
ations.” Mutations may be great or small, but they 
are always inherited and consequently they are the 
materials with which evolution works, for any vari- 
ation to be of evolutionary value must be inherited. 


Il, HOW DO MUTATIONS ARISE AND HOW 
ARE THEY INHERITED? 


Older students of evolution focussed attention 
largely upon the transformations of mature organ- 
isms, for example the gross changes necessary to 
convert a cabbage into a cauliflower, a rock pigcon 
into a fantail, largely neglecting the microscopic and 
gencrally unseen ‘stages which “connect one genera- 
tion with the next. We now know that the only 
living bonds between generations are the germ cells 
and any changes that are inherited must be repre- 
Sented in these cells; consequently the study of the 
methods and causes of evolution has been trans- 
ferred from the changes occurring in mature organ- 
isms to the changes taking place in germ cells. These 
changes may effect the symmetry, pattern and con- 
stitution of the protoplasm of the egg cell, but a 
still earlier and more fundamental cause of change 
is found in the chromosomes of the nucleus, which 
contain the real “inheritance material.’ Therefore 


the study of the methods and causes of evolution 
resolves itself into an investigation of the changes 
taking place in chromosomes. 


1. Cross-breeding or hybridization is an almost 
universal process, and it leads to many changes in 
the combination of chromosomes from different par- 
ents, The study of hybrids led to the epoch-making 
discovery of alternative inheritance by Mendel, and 
although he knew nothing of chromosomes, which 
were discovered, we now know that all the phenom- 
ena of Mendelian heredity depend upon the distri- 
bution of chromosomes to the germ cells and their 
combination at the time of the fertilization of the 
egg. In this way many new combinations of the 
materials of heredity are formed and many vari- 
ations in the developed organisms that come from 
these new combinations of chromosomes. Bateson 
said that most of our domestic animals and cultiv- 
ated plants are the results of deliberate crossings, 
and Lotzy maintains, contrary to the views of many 
biologists, that hybridization is the chief cause of 
evolution. 

2. A second cause of mutation is found in abnor- 
mal numbers of chromosomes, also in the breaking 
in two of individual chromosomes and the reunion 
of the pieces in new combinations. These ‘chromo- 
some mutations” are responsible for most of the 
mutations discovered by deVries in the evening 
primrose and by Blakeslee in the jimpson weed. 

3. A more fundamental cause of mutation is 
found in the changes that take place in the genes 
or inheritance units, which lie in the chromosomes 
like beads on a string. Although these genes are so 
small that they can rarely if ever be seen even with 
the most powerful microscope, we have as clear evi- 
dence that they exist and occasionally undergo 
changes as that there are atoms and molecules which 
may also suffer changes. Such “gene mutations” 
are certainly an important factor of evolution and 
the manner in which they are caused is one of the 
leading problems of biology today. Recently it has 
been found that radium, X-rays and probably other 
forms of radiant energy may cause gene mutations 
and thus furnish the materials for ayolution, and it 
seems probable, although it is still uncertain, that 
such mutations may be caused in still other ways. 


ITI, CAUSES OF ADAPTATIONS 


Mutations are certainly the raw materials of evol- 
ution, but how are these materials used? ‘There 
is good reason to think that mutations occur in 
every possible direction; probably ninety-nine out 
of every hundred are injurious, perhaps not more 
than one in a thousand is distinctly advantageous. 
How then can we explain the fact that animals and 
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plants are so wonderfully well fitted to the places 
they occupy in nature? Consider the fitness of 
fishes, reptiles, birds and mammals for life in water ; 
of birds for flying, of moles for burrowing, of deer 
for running; the fitness of all the organs of the body 
for their particular functions, of the eye for seeing, 
the car for hearing, the nerves for conducting, the 
muscles for contracting. Indced there is scarcely 
a structure or function of any living thing which 
does not show such fitness or adaptation, and the 
problem of the origin of such adaptations is today, 
as it has always been, the greatest problem of evolu- 
tion. 

There are two principal scientific liypotheses 
which attempt to explain these adaptations, known 
by the name of their chief proponents as Lamarck- 
ism and Darwinism. Lamarckism assumes that such 
adaptations are first acquired by mature organisms 
and then by some inconceivable process these ac- 
quired adaptations are transferred to the chromo- 
somes and genes so as to become hereditary and 
reappear in succeeding generations. Many attempts 
have been made to find conclusive evidence of such 
inheritance of acquired adaptations, but so far 
without suecess. The Lamarckian doctrine is at 
variance with the best-established principles of 
genctics. 
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Darwinism, on the other hand, accepts the evi- 
dence of genetics that mutations occur in all poss- 
ible directions and it undertakes to account for the 
fitness of organisms by the early death and climin- 
ation of the unfit. We know that many genes and 
combinations of genes are lIcthal and cause the 
early death of germ cells or of the organisms into 
which they develop. In nature injurious mutations 
are quickly climinated, but at present we have no 
sufficient evidence that natural selection, or Darwin- 
ism, does explain all the marvellous adaptations of 
the living world. If to the natural elimination of 
unfit germ-cells or persons we add the intra-per- 
sonal climination of unfit reactions, we can explain a 
whole class of acquired fitness, but in so doing we in- 
troduce a quasi-psychic factor, as Darwin did in his 
hypothesis of sexual selection, and as many others 
have done from Aristotle down to the present time 
under the terms of “perfecting principle,” “indwel- 
ling soul,” ‘* entelechy,” etc. Such attempts to ex- 
plain fitness by an appeal to psychism are specula- 
tions, not even working hypotheses, for no one has 
yet found a way of experimentally testing them. 
Multifarious variation and selective climination are 
the best explanations of the origin of fitness that 
have ever yet been proposed. 


How Did Plants Begin? 


By G. L. WITTROCK 


BSERVING life in all its forms, we wonder as to 
@) its origin. We sec animals and plants of all 
sorts, from one-celled individuals to very com- 
plex organisms containing billions of cells. Natur- 
ally we look for origins among the simpler, one- 
celled forms. Then we note that the animals feed 
on the plants, and that plants depend but incident- 
ally upon the animals. This unbalanced relation 
at once suggests that the plants may have preceded 
the animals in evolution. But when we study the 
one-celled forms of both, we find ourselves confused, 
they are so much alike. It looks as though they 
originated together from a common beginning, and 
then diverged very carly along two boldly distinct 
lines. 

For plants and animals are alike in fundamental 
structures and functions. They are both built up of 
living cells composed of protoplasm, and perform 
the same life functions, respiring, feeding, growing 
and reproducing. But they have also taken to 
variant ways of life that have set distinctive marks 
upon each group. 

The typical plant produces its own foodstuffs 
out of inorganic matter by a process using sun- 
light energy and called “photosynthesis,” for which 
the green coloring matter “chlorophyll” is necessary. 
There are exceptions, such as the degenerate plants 


Judian Pipe and the fungi that have lost this power 
of primary food production which their ancestors 
must have possessed. But the typical plant draws 
its nourishment from the soil in which it is rooted, 
and spreads a green surface of body or leaves to 
absorb sunlight and carbon dioxide, all of which, 
together with water drawn through the roots, build 
up into foodstuffs packed with energy. 

‘Lhe animal takes those plant foods ready made. 
It has no power to produce its own foods and lives 
by consuming plants, either directly or by eating 
other animals that have eaten plants. That way 
of living demands movement, from one plant food 
supply to another, movement to capture or to 
escape other animals. Fundamental changes in 
structure result. The plants develop firm cell walls, 
usually of cellulose, mechanically rigid so the plant 
may stand erect in its fixed habitat. The cell walls 
of animal tissues, on the other hand, largely dis- 
appear, leaving the cells elastic for motion. The 
animals thus gain freedom of movement by becoming 
dependent on the plants. But the price is cheap, 
for movement brings contacts and problems, de- 
mands sensitivity and adjustive reactions, the be- 
ginnings of mind and eventual mastery of the world. 

The chart shows the life cycle of plants complete, 
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while that of the animals is superimposed parasitic- 
ally. But both plants and animals die, their bodies 
being decomposed into inorganic matter by fungi 
and bacteria. Fungi are evidently degenerate 
plants, but what are the bacteria? Are they plants 
or animals, or perhaps organisms more primitive 
than either, embodying characters of each? One 
group, the nitrobacteria, are both structurally and 
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NITROBACTERIAs“==“eeer 
The Cycle of Life 


physiologically the simplest organisms we know and 
interrupt the organic cycle in a most suggestive 
way. They have the remarkable power of drawing 
free nitrogen from the air and decomposing carbon- 
dioxide without the aid of sunlight, making them 
even more independent than the plants. For the 
plants cannot use free nitrogen, but must get nitro- 
gen in compounds in order to produce the proteins 
and protoplasm essential for life. The nitrobacteria 
are able to fix free nitrogen into these compounds 
upon which the plants depend. Really the plants 
are parasitic on these bacteria. Are the nitrobac- 
teria then the original form of life, the common 
ancestors of plants and animals? Or must we 
look to those even simpler organisms, so far in- 
visible, the filterable viruses recently discovered? 
We really do not know. 

But our problem here is not the origin of life 
itself, but that of plants. This is really the problem 
of what group of organisms first used sunlight for 
food synthesis. The carliest plants probably lived 
in the water, for the simplest forms still live there, 
while the more complex are land forms. Between 
them are mosses and ferns, amphibious in the sense 
that they live their lives on land, yet depend on 
water to carry their male sperm cells during fertil- 
ization. Turning to the water, we find a most sug- 
gestive primitive group, the Flagellates, named 
after the flagella at their head ends, whip-like hairs 
lashed back and forth in swimming. 

There are two kinds; those with arid those with- 
Out green or other colored chromatophores. Those 
with chromatophores can produce their own food 
like plants, seein to be related to the green algae 
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and resemble the free swimming reproductive cells 
of many low green plants. The colorless flagellates, 
on the other hand, show a close structual likeness 
to cells of such low animals as the protozoa. The 
flagellates may therefore represent the primitive 
type from which have evolved both colorless animal 
forms and green plants. The green flagellates 
actually do tend to approach the non-motile condi- 
tion of typical plants, while the colorless forms 
require greater power of movement to go with their 
animal method of food getting. 

Without definitely calling them plants, botanists 
consider the flagellates a sort of substratum for the 
true plants because they approach them in several 
ways. (1) They have a structure similar to the 
lowest algae, being motile, more or less oval, with 
a solid protoplasmic body, a central nucleus, a 
specialized head end with one or more whip-hairs, 
and a contractile vacuole. However, the cell walls 
are unlike those of both plants and animals, being 
a dead mucilaginous envelope. Also no starch is 
found, the chromatophores are usually discoid and 
and the cell walls permit amoeboid movements un- 
usual in plants. (2) The vegetative division occurs 
during the motile state and is always longitud- 
inal, a slow constriction into two halves beginning 
at the fore end, just as in lower plants. (3) Like 
the lower algae, the resting cells are formed vegeta- 
tively by a curling and contraction of the cell con- 
tents, the walls remaining as transparent shells. 
There is as yet no sexual reproduction. 

For the present, it seems likely that the Flagell- 
ates are the primitive stock from which plants or- 
iginated. Plants may have sprung from some other 
primitive organisms, or the photosynthetic method 
may have originated independently in several groups. 
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Suggestive likenesses between flagellates and simple 
plants and animals. 


The blue-green algae, for instance, are like bacteria 
in the splitting nature of their multiplication, and 
are either immotile or slightly oscillating. They 
seem, however, to bear little relation to other plants, 
though their color indicates they function as plants. 
Altogether, the flagellates seem to be an ancestral 
group from which both animals and plants may have 
sprung. But at best this is speculation, and more 
facts are needed for definite knowledge. 
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The Man Ape of Taungs 


By ALLAN STRONG BROMS 


HE right man in the right place at the right 
as time.” Dr. Raymond A. Dart, Professor of 

Anatomy at the University of the Witwaters- 
rand of South Africa in the fall of 1924. He had 
come prepared to tackle the problem of man’s or- 
igin, bringing from University College, London, a 
whole series of brain casts of apes and extinct hu- 
man types, and with his mind full of Darwin’s pre- 
diction of 1871 that as the “African Apes present 
the nearest likeness to Man in structure and ability, 
it.is somewhat more probable that our early pro- 
genitors lived on the African continent than else- 
where.” 

Dr. Dart’s enthusiasm had aroused his students 
and colleagues to a wide scarch for human and re- 
lated fossils, and so it was Dr. R. B. Young, the 
Professor of Geology, who in November, 1924 
actually found in a cave at Taungs the fragments 
of rock which disclosed bits of bones and what 
seemcr to be a natural cast of a brain case. But it 
was Dr. Dart who put in the months of skilful and 
delicate work clearing off the fragile bones and 
fitting them to the brain cast to restore the form 
of head and face, and who then identified in them 
& young super-ape hinting at a South African or- 
igin for Man himself. For this four or five year old 
youngster (its age being revealed by its milk teet]i) 
had a brain too big for an ordinary ape, yet too 
small for a human infant of its age. Other features 
further enforced the suspicion that another im- 
portant missing link in man’s ancestry had been 
found. As there was obviously a thrilling story here, 
Dr. Dart went over the ground most carefully to 
read it rightly and interpret it fully. Also he gave 
his ape a name, Australopithecus africanus, which 
means simply the Southern Ape of Africa. 

Taungs is eighty-five miles due north of Kimberly, 
the famous diamond town, and on the main line of 
the Cape to Cairo Railway. To the northwest 
stretches the wide Kalahari Desert and everywhere 
else are dry plains with very few trees. Fifteen 
hundred miles to the north the Congo jungle be- 
gins, the present home of the Gorilla and Chimpan- 
zee, nearest to man of the living apes, Between is 
the wide barrier of treeless plain which no ape can 
cross. Furthermore, the geologists tell us it has 
been so for untold ages. 

But how did this ape of Taungs ever get so far? 
Because he was more than just ape. He was develop- 
ing human capacities and adaptabilities. His kind 
were probably slighter than the African apes we 
know, but more wiry, alert and inventive. Other- 
wise they would never have ventured out of the pro- 
tecting jungle nor managed to survive in the open 
and therefore dangerous plains country. Dr. Dart 
is fully persuaded that on this scene the ape tribe 


of Taungs adventured on to become Man. He 
states most persuasively :— 

“In order to achieve his so-called erect posture 
and terrestrial mode of life, the monkey that was 
to be man had to pass through a severe appren- 
ticeship of . . . two initiatory phases before he en- 
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Man-Ape of Taungs, right side view of skull 
From Natural History 


tered the... true freemasonary of manhood. These 
two phases were firstly, the scmi-arboreal typified 


by the living anthropoid ape; secondly, the en-. 


tirely terrestrial man-ape phase. . . . The second 
phase has been appreciated only as a theoretical 
necessity, and the scene of its occurence has been 
purely a matter of conjecture. The Taungs re- 
mains show that this second phase was a living re- 
ality; .. that the anthropoid achieved human status 
by laborious passage through the terrestrial man- 
ape phase; finally they indicate, if they do not 
actually prove, the quarter of the earth upon which 
this penultimate act in the drama of humanity was 
staged.... 

“There is no woodland approach to Taungs from 
the north, cast, or west. This open and in large 
part barren country, interposed between the tropic- 
al forest and Taungs is, and has been from Cre- 
taceous times, an effective barrier against the mi- 
gration of the semi-arboreal anthropoids. . . It is 
obvious .. . that the . . . group which forced this 
barrier into the remote Southland had evolved an 
intelligence (to find and subsist upon new types of 
food and to avoid the dangers and enemies of the 
open plain) as well as a bodily structure( for sud- 
den and swift bipedal movement, to elude capture) 
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far in advance of the slothful, semi-arborea]l, quad- 
rupedal anthropoids. They had thus attained a 
degree of physical and psychical advancement that 
sundered them irrevocably from their tropical cous- 
ins. 


“The factors which evoked the thinking and plan- 
ning powers of the anthropoid and ... caused the 
transformation from anthropoid to man, are to be 
sought . .. in steadily and continuously operating 
environmental conditions which constantly and in- 
creasingly demanded the operation of choice and 


Restoration of Taungs Man-Ape by Forestier 
From Natural History 


cunning. Such an environment is certainly not to 
be found in any land belt containing the easy 
refuge of trees. . . . Just as for the expansion of 
the brain so, for the evolution of a more erect pos- 
ture, .. it was essential that a large territory should 
be available to make it impossible to return to the 
forest. In this way the anthropoid group should 
be committed over a countless number of years to 
use ‘their upper limbs for fight and their lower 
limbs for flight. An environment of this type was 
present, because of the barrier already mentioned, 
from Cretaceous times onward in Southern Africa; 
and Southern Africa is the only country which has 
elicited an anthropoid individual betraying features 
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such as one might expect to result from the oper- 
ation of these unremitting and compelling environ- 
mental conditions.” 

The scientific authorities are agreed that the 
Taungs ape is really an ape, with distinct leanings 
towards human kind. Thus Professor W. J. Sollas 
states that “Australopithecus is doubtless generical- 
ly distinct from all known Apes, and in those im- 
portant characters by which it differs from them it 
makes a nearer approach to the Hominidae” (man- 
kind). Similarly, G. Elliot Smith states that “this 
Ape, which like Man may have been emancipated 
from the necessity of living in forests, seems to re- 
veal definite evidence of nearer kinship with Man’s 
ancestors than any other Ape presents.” Dr. Wil- 
liam K. Gregory refers to it as “a young anthropoid 
with an exceptionally well developed brain. While 
it may be nearer to the chinpanzee than to man, its 
brain, skull and teeth tend to bridge the gap be- 
tween the highest apes and the lowest men.” 

Unfortunately, there is much doubt as to the 
geologic age of the remains, some arguing that they 
could have been quite recent. But Dr. Dart, with 
others who have gone over the ground carcfully,. 
is fully convinced of its great age, perhaps old 
enough to have figured in the man-ape ancestry of 
mankind. 

They were associated with the remains of two 
extinet species of baboons. As, for some time, life 
has been more static in Africa than in the North 
this probably means a respectable antiquity, per- 
haps even suggesting Pliocene age. 

However, the scientists are by no means agreed 
that Man originated in South Africa. To begin 
with, the fossil ape-man of Java, typifying the 
next upward stage in human development, was found 
across the Indian Ocean more than five thousand 
miles from South Africa. Furthermore, mankind 
scems to have dispersed from central. or southern 
Asia, where open plains also abounded far back 
into geologic times and where numerous fossil apes 
(though of lesser brain volume) have been found. 
The scientists are mentally torn between the two 
continents, with much reason on each side. In 
either case, both man-ape and ape-man probably 
wandered widely, so that almost anywhere in these 
parts of the world we may find new links in the 
ancestry, perhaps even the clue to man’s origin and 
wanderings. At least the search is hopefullly on. 


New Evidence on Close Relationship of Men and Monkeys 


Professor Hegner of Johns Hopkins 
finds that protozoa parasites of mon- 
keys and men are the only ones capable 
of living in the bodies of either ac- 
cording to the April 12th issue of 
Science, which quotes him as follows: 

“In very few instances are species 
of protozoa that live in one species of 
animal capable of living in another 
Species of animal, no matter how close 
the relationship. The situation as re- 


gards monkeys and men is strikingly 
different. ... There are a few pro- 
tozoa that occur in man that do not 
have representatives among monkeys 
and a few in monkeys that have not 
been reported from man, but most of 
the human protozoa have representa- 
tives in monkeys indistinguishable from 
them. This is in such striking con- 
trast to what we know to be true of 
the protozoan parasites of other ani- 


mals, we must recognize a genetic 
relationship between monkeys and 
men, That is, the protozoan parasites 
of monkeys and men have descended 
from protozoa that lived in the an- 
cestors of monkeys and men and that 
had the SAME ancestors. Our studies 
of these parasites of monkeys and men 
add a type of evidence that makes it 
even more certain that our remote 
ancestors were arboreal monkeys.” 
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The Story 


HE seven mile gorge below Niagara 
Falls has been dug by the tumbling 
waters undercutting the hard capping 
rocks making the cataract crest. Un- 

derneath are softer rock layers that yield 
and wear away in the powerful swirl of the 
plunge basin, thus undermining the harder 
top layers until great blocks fall from the 
overhanging ledge for want of support. 
These blocks, swept around by the mighty 
whirlpool of the falls, arm the water with 
effective cutting tools that dig the more 
swiftly into the rocks below. ‘Thus the 
falls cut their way backwards, slowly re- 
ceding upstream. 

Several factors have altered the rate and 
depth of gorge cutting, the chief of which 
are changes in the volume of the river itself. 
Because the river is fed by the Great Lakes 
to the West, its changing volume echoes 
the events in the development of those lakes 
during and after the melting away of the 
great ice shects which covered their basin 
during the last glacial period. As the ice 
edge slowly receded, it progressively un- 
covered the lake basins, shifted their diain- 
age outlets, and otherwise modified the 
volume of water and the falls recession. 

When the ice shcet first melted back from 
the Niagara region, no falls appeared, for 
the Ontario waters were high and flooded 
the area, being banked on the north by the 
ice itself and draining southwest through 
the Erie basin towards the Mississippi. But 
when the ice uncovered a lower drainage out- 
let to the east along the Mohawk and Hudson 
rivers, the Ontario waters sank, leaving the 
high embankment over which the Niagara 
waters tumbled. At first, a temporary Lake 
Tonawanda formed just back of the em- 
bankment edge, discharging by five spill- 
ways. Of these, the Lewiston spillway was 
lowered by erosion most vigorously, so that 
it soon robbed the others of their waters, 
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of Niagara 


concentrating the whole discharge and gorge 
cutting to the Niagara River. 

During the ensuing first stage of gorge 
cutting, only a portion of the Great Lakes 
drainage came through Niagara, for lakes 
Superior and Michigan were cut off by the 
banking ice and discharged by way of the 
Mississippi. But the waters from Lake Erie 
and that portion of Lake Huron from which 
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Sectional View of Horseshoe Fall 

After Gilbert 
the ice had melted did give Niagara a volume 
about 25 percent of the present. But be- 
cause the rock Jayers slope slightly upward 
to the north, the fall was uearly twice as 
high and so cut deeply for some two thou- 
sand feet upstream. 
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Goat Island 


Panoramic Summer View of Niagara Falls from Canadian Side 


During this third stage the Whirlpool 
was formed. In pre-glacial times, a river 
had flowed across this region toward St. 
David. It too had a great waterfall that 
had cut its gorge upstream as far as the 
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Sketch Map of Niagara Gorge 
Depth of water shown in black 
Kindle and Taylor 


present Whirlpool. But the last ice invasion 
had buried this gorge under a mass of clay 
and gravel. Once the receding Niagara 
Falls reached this ancient gorge, it swiftly 
cleared out the softer filling in its path, 
leaving the deep Whirlpool basin. 

The fourth stage began when the reeeding 
ice sheet uncovered a low outlet for the up- 
per Great Lakes by way of the Cttawa River 
of Canada, again robbing Niagara of all 
but the Erie waters. The weakened falls 






Horseshoe Fall 
of Gorge 


cut only a shallow and narrow gorge and 
could not even sweep away the boulders 
fallen from its brink. So today, the water 
rushes through this encumbered and con- 
stricted channel as the furiously tumbling 
Whirlpool Rapids. 

Finally the present stage was inaugurated 
by a further uplift of the land to the north, 
cutting off the Ottawa outlet and again 
sending the Great Lakes waters by way of 
Erie and Niagara. The restored falls then 
began to cut the present deep upper gorge. 
an angle in the river bed permitted the re- 
cent splitting of the falls into the American 
and Canadian falls, with Goat Island be- 
tween. Much the greater volume of water 
flows over the Canadian falls which are 
therefore receding rapidly, the American 
falls being too feeble to remove the rock 
debris at its base, which prevents the under- 
mining necessary for speedy recession. The 
face between the two falls is therefore very 
unequal and the time is coming when the 
Canadian Falls, receding past the head of 
Goat Island, will cut off all water from the 
American side, leaving the dry upper river 
channel and abandoned fall scarp. 

A similar event occurred during the third 
recession stage at Niagara Glen, its aban- 
doned fall scarp and upper river channel 
being however on the Canadian side. Here 
one may wander through the dry river above 
and among the boulders strewing the gorge 
below the precipitous brink of a once mighty 
waterfall. 

It will be scen that Niagara has had an 
eventful development and that changes of 
volume quite prevent us from using the pres- 
cnt recession rate of four feet per year to 
estimate the age of the falls themselves and 
the dates of the ice sheet retreat. But care- 
ful consideration of the factors involved 
and other quite independent data lead us to 
estimate a total age of between 30,000 and 
35,009 years for the falls since they started 
from the Lewiston brink. 

Reference: Yhe Falls of Niagara, Glenn 
C. Forrester, N. Y. 1928. 
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EVOLUTION 


Fundamentalist Follies 


In this Monthly Feature Epwin Tenney Brewster will 


refute all 


fundamentalist objections to evolution. 


Aus the most aggressive of Anti- 
evolution magazines ranks De- 
fender, organ of Winrod, Revivalist. 
Its motto is “Back to the Bible.” 
But it dabbles also in natural science. 

Thus, for example (July, 1929, p. 14) 

“Time after time sedimentary strata 
which are alleged to be very old lie 
smoothly and seemingly undisturbed 
on top of rock, likewise undisturbed, 
which is alleged to be much younger. 
I could cite instance after instance 
of this.” 

The same notion appears widely in 
Fundamentalist writings—as for ex- 
ample in Reverend Chester kK. Leh- 
man’s little book, The Inadequacy of 
Evolution as a World View (pages 14- 
15) and in the debate in New York 
early in 1924, between the late John 
Roach Straton, D. D. and Charles 
Francis Potter. But all such rest on 
the authority of one George McCready 
Price, teacher of a wide variety of 
subjects in an equally wide range of 
Second Advent schools, and a prolific 
writer for the last quarter century 
on scientific topics, though he himself 
appears to have no Scientific training 
whatever. 

Doubtless, therefore, one “could 
cite instance after instance’’—from 
the writings of clergymen and of 
Fundamentalist laymen who write for 
denominational journals attacking 
evolution. But the queer thing about 
these alleged instances of undisturbed 
rocks in the wrong order is that no 
geologist has ever seen a single one of 
them. They occur innumerably in 
sermons—but no working geologist, 
accustomed to looking at real rocks, 
has ever discovered anything of the 
sort. 

What geologists do find is always 
precisely what they have been finding 
from the first beginnings of geologic 
science: The strata of mountain dis- 
tricts are wont to be broken and 
twisted and shoved about and even 
sometimes turned completely upside 
down—as anybody can see for him- 
self, just keeping his eyes open in a 
rough country. Where the strata are 
flat and in place, just as when they 
were first laid down under water, 
then the district is a level country 
and no proper mountains; and every 
single layer is precisely where it ought 
to be on evolutionary grounds. 

Broken rocks, then, in mountain 
country, may exhibit all sorts of 
visible dislocations—that is, in fact, 
precisely what make mountains. 
Among other dislocations, one sees 
places where one mass of rock has 
been pushed sideways over another. 

This is not a matter of theory. 
Anybody can see it. There is a crack, 
an inch or two wide or a foot or two, 


commonly filled with broken rock— 
the “fault breccia” of geologists— 
and always with the surfaces that 
have slipped over one another smooth 
ed and polished like a mirror,” as 
one geologist describes the great over- 
thrust at Chief Mountain, Montana, 
that is a special bone of contention 
in the Fundamentalist press. But 
one does not need to travel to Mon- 
tana. One sees these “overthrusts,” 
in the right sort of country, some- 
times a half-dozen in a single cliff. 
Nearly always, one can run his hand 
over the ‘“‘slickensided” surface where 
the rocks have slid, and make out 
which way the fault has gone by the 
fact that the rubbed surface is smooth- 
er in one direction than in the other, 
like a cat’s fur. All this, on a small 
scale, anybody can see. 


Necessarily then, where great sheets 
of rocks have been sliding over one 
another, it must often happen that an 
older stratum is shoved up over a 
younger one. Fundamentalists, fol- 
lowing Price, make great play with 
this. ‘Strata which are alleged to 
be very old do undoubtedly often 
lie on top of rock” which is alleged 
to be much younger. 


But not ‘Smoothly and seemingly 
undisturbed!” That part is pure inven- 
tion of the Fundamentalist. Anybody 
can see the crack. Anybody can run 
his hand over the polished surface 
where the rocks have slid. But, of 
course, if one refuses to look and 
will not touch, then naturally he will 
not see and feel. And what the 
Fundamentalist has not seen and 
felt, he insists is not there! 


So we have this extraordinary sit- 
uation. Professional geologists by 
the hundred have examined these 
localities where old rocks lie on top 
of younger ones. They report having 
located the “fault” where the upper 
rock mass has slid up over what is 
really younger strata. But that does- 
n't suit Fundamentalist dogma. So 
Fundamentalists deny the facts. They 
hare not seen any fault. Isn’t their 
testimony just as good as that of the 
geologists? 


All geologists, in short, testify that 
they have seen something. Many 
Fundamentalists testify that they have 
not seen it. 


For my part, I believe them both. 


BRYAN UNIVERSITY, Dayton, Ten- 
nessee is to open its doors in Septem- 
ber as a fundamentalist monument to 
the great anti-evolution champion. Re- 
member the fate of that other ‘‘fun- 
damentalist university” at Des Moines? 
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ANOTHER LIE NAILED 


The Rocky Mountain News reported 
a Catholic Lenten sermon as follows: 


“Father McMenamin recounted the 
story of the skull of the original ‘Java 
Man, which eventually turned out 
to be the knee of an extinct elephant. 
‘Just think’ he explained, ‘we came 
near hanging the picture of an ex- 
tinct elephants knee in the gallery 
of our ancestors.” 

Mr. Whitenack, secretary of the 
Colorado Rationalist Association, im- 
mediately wrote the good Father: 

“Such ignorance places you in the 
class with such clerical falsifiers 
as Rev. W. B. Riley, Dr. Arthur I. 
Brown and Prof. George McCready 
Price. The skull of the ‘original Java 
Man’ was found in 1895 by Dr. Dubois 
whose son is now living in Denver. 
That it is the fossil of a very prim- 
itive man who lived at least a mill- 
ion years ago has not been questioned 
by any scientist for a quarter of a 
century. 

“The elephant’s knee, with which 
vou fooled your audienee and sought 
to discredit the work of HONULST 
men, was found a few years ago near 
where the Java skull was discovered. 
At first. in an incompetent and sensa- 
tional news report, it was called a 
fragment of human skull. Had it 
been found near Mount Arrarat by 
the clergy it would, no doubt, have 
been mistaken for the skull of Noah 
and highly prized as a relic of the 
Church before which people would be 
cured of all manner of diseases. But 
upon careful examination by an HON- 
EST scientist the fragment was easily 
identified as part of an elephant's 
humerus.” 


THE WORLD FAIR in Chicago in 1933 
is to be the greatest scientific expos- 
ition ever held. Its keynote will be 
“The Century of Science” under direc- 
tion of the country’s most eminent 
scientists. A large number of Jn- 
ternational. and Natiqnal scientific 
congresses will be held there. 


AN APE FARM of 200 acres is being 
established in Florida by Yale Uni- 
versity where a special study will be 
made of the habits, social relations, 
life history and psycho-biological de- 
velopment of the anthropoid apes in 
their relation to man under the direc- 
tion of Professor Robert M. Yerkes. 


PRIZES OF FROM $50 TO $200 worth 
of books are offered by the Committee 
on The Place of Science in Education 
of the American Association for The 
Advancement of Science to the librar- 
jes of secondary schools whose students 
produce the best essays on a specified 
list of subjects. Details may be se- 
cured from Otis W. Caldwell, Chair- 
man, 433 West 123rd Str. New York 
City. 


{ea | 


Tv) 


ane a 





Juxe, 1930 


NEW BOOKS 


THE EARTH—ITS ORIGIN, HIS- 
TORY, AND PHYSICAL CONSTI- 
TUTION by Harold Jeffreys. 2nd 
Ed. New York, The Macmillan Co. 
and The Cambridge Press, $6.50. 
399 pages. 





There exist today only two widely 
accepted theories of the origin of 
the solar system, and hence of our 
earth—the Planetesimal Hypothesis 
of the late Dr. T. C. Chamberlin and 
prof. F. R. Moulton, both of the Uni- 
versity of Chicago; and the Tidal 
Theory of Sir J. H. Jeans and Dr. 
Harold Jeffreys. In the past it has 
seemed to many scientists on this 
side of the Atlantic that these two 
great English thinkers hac ignored 
unduly the researches of Professors 
Chamberlin and Moulton, although it 
was considered that the Tidal Theory 
was largely an outgrowth of the theo- 
ries developed by the Chicago scien- 
tists. 


Fortunately, in this new and revised 
edition of his great work, “The Earth,” 
Jeffreys has removed this objection. 
In an appendix, he considers the 
Planetesimal Hypothesis fully and 
fairly, referring to it as “the parent 
of the Tidal Theory,” though adverse- 
ly comparing it with Jeans’ hypoth- 
esis, Which, he remarks, “bears a 
close resemblance to mine, the agree- 
ment becoming striking since the two 
methods of attack are quite different.” 
It thus becomes apparent that the 
Tidal Theory is no isolated hypothesis, 
but is a legitimate outgrowth of and 
advance upon the Planetesimal Hy- 
pothesis, just as this, in a sense, 
grew out of a critical examination of 
Laplace’s now discredited ‘“Rotation- 
al” Nebular Hypothesis. In both of 
the modern theories it is accepted as 
substantially established that the sun 
Was broken up by a passing star, 
several times niore massive than it- 
Self. There is, as Jeffreys states, a 
Beneral resemblance between the 
modes of formation and rupture of 
the filament or filaments, ejected 
from the sun, in the two theories. 
It is with the Chamberlin-Moulton 
“planetesimals” that the break be- 
tween the two hypotheses occurs, and 
With the “planetesimal” contention 
that the planets grew gradually larger 
by accretion of these meteoritic 
bodies, 

On the problem of tle origin of 
the moon, Jeffreys has made certain 
Changes since the first edition of his 
book in 1926. It was then assumed 
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that the sun at the time of the as- 
sumed disruption was greatly distend- 
ed—almost filling the orbit of Mer- 
cury—hence below the density re- 
quired. If the primitive sun had 
nearly its present density, tidal dis- 
ruption of the liquid earth was poss- 
ible, and the moon could have been 
thrown off as a separate body by the 
action of the solar tides—as suggest- 
ed, in 1879, by Sir George Darwin. 
This is more nearly in harmony with 
the now known data than any altern- 
ative theory—e. g., that the moon 
was an independent planet, subse- 
quently “captured” by the earth. 
Jeffreys has, in this second edition, 
come to accept it as highly probable 
that, as was first suggested by Os- 
mond Fisher, the Pacific Ocean fills 
“the scar left when the moon was 
formed.” 


The various methoods of estimating 
the age of the earth are discussed 
by Jeffreys. His general conclusion 
is that by far the most satisfactory 
data are to be derived from ascertain- 
ing the ratio of the quantities of ur- 
anium and lead in any series of ig- 
neous rocks, the rate of degeneration 
of uranium to lead being now known 
to follow what appears to be an un- 
varying law. Radium occurs in nature 


only in the presence of uranium, 
which itself never occurs without 
radium. Knowing the rate of break- 


up of uranium into its final product, 
lead, it is a simple matter to find the 
time since the formation of any rock 
if we know the amounts of uranium 
and of lead in any given specimen. 
Jeffreys concludes that the lower limit 
to the age of the earth obtained by 
studying individual minerals, and the 
upper limit given by the constitution 
of the crust as a whole, are sufficient- 
ly close together to fix the age as 
roughly two thousand million years. 

Very interesting and convenient is 
Dr Jeffreys’ summation and critical 
examination of current theories of the 
eauses of climate variation and the 
causes of glacial epochs. ‘“‘We are 
now in a glacial period, although not 
at its height.” Several factors ad- 
mittedly are involved, but it appears 
that Brooks’ theory is most probable, 
that land submersion, with conse- 
quent extension of oceanic conditions, 
accounts quantitatively for the epochs 
of mild climate, while general eleva- 
tion of the land tends to the produc- 
tion of extensive ice sheets. When 
we add to this the important contribu- 
tion of F. Kerner-Marilaun, in which 
he shows that a rise of temperature 
of two degrees would clear the Artic 
Ocean completely of ice, thus abol- 


ishing the effects of floating ice and. 


cold currents, both long spells of mild 
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climate and the much shorter periods 
of glaciation are largely, if not ade- 
quately, explained. 

Dr. Jeffreys brings against Wegen- 
er’s theory of floating continents what 
appear to be devastating criticisms. 
But he finds no facts regarding 
ancient land bridges between the Old 
and the New World which are incom- 
patible with the results of his own 
researches, though he does not active- 
ly advocate the reality of such sub- 
merged land connections, for the 
reason that he is ‘‘not yet convinced 
of the cogency of the palentological 
evidence.” 

There follows what I cannot but 
regard as a decidely surprising state- 
ment; namely, the conclusion that 

the species concerned are plants 
and low animals, and it seems 
far from impossible that spores, 
seeds, or eggs could have drifted 
across (from continent to contin- 
ent) on floating refuse. 

But we know that early in the 
Eocene—Old World mammals (not 
“low animals’) appeared as immi- 
grants in North America, while early 
in the succeeding Oligocene epoch, a 
still more marked invasion occurred, 
although the time was of short dura- 
tion. A third extensive migration of 
higher mammals took place in the Mio- 
cene, and a fourth during the Pliocene. 
Inasmuch as there is no paleontolo- 
gist living today who doubts that the 
various species of rhinoceros (to give 
only one example) which appeared in 
North America during Miocene times 
were of Old World origin, one wonders 
just what Jeffreys means by suggest- 
ing that only “low forms” that might 
have drifted across the ocean “on 
floating refuse” have to be accounted 
for. 

But Dr. Jeffreys does not pretend 
to be a palaeontologist: he may rest 
well content with the distinction of 
being one of the world’s foremost geo- 
physicists, and the author of what 
many experts regard as one of the best 
works that has so far appeared in 
the English language on the origin, 
history and physical constitution of the 
earth. MAYNARD SHIPLEY 
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(Continued from page 4) 

cargo of genes, because its structure and activities 
are limited and regulated in various ways through 
the mutual influences received from the other cells 
in the body. The various cells of different organs 
developed differently from one another because, 
though possessing the same genes, they found them- 
selves in different influences, from the start. Only 
the germ-cells, then, may eventually realize anything 
like their full potentialities. 


How We Differ From One Another 


All this explanation, somewhat off the main theme, 
may serve to furnish some sort of notion of how the 
characteristics, in fact the entire substance, of any 
human or other living being depend upon its genes, 
acting in a chemically coordinated fashion. So com- 
plicated is the manner in which the products of the 
different genes react with one another that no final 
product and no characteristic of the adult body is 
due to any one specific gene, but in the production 
of every organ, tissue or characteristic, numerous 
genes take part. Nevertheless, if one individual 
differs from another individual in regard to just 
one of the genes that do take part, it will be seen 
that the given characteristic in the two individuals 
will be different, and so, conversely, a difference 
between two individuals in regard to a certain char- 
acteristic, let us say eye color, may be due to a dif- 
ference between just two given genes in them rather 
than other genes. 

By studying the characteristics that appear 
among the descendants in later generations, after 
individuals differing in regard to one or more genes 
have crossed together, the definite Mendelian laws 
and the laws of linkage governing the inheritance 
of genes have been determined, and they are found 
to have a practically universal validity. There is 
no use attempting here to formulate in detail these 
rules and their working out; this usually occupies 
the major portion of a course in genetics. It is 
sufficient to call attention to a few pertinent facts. 

When two germ-cells that differ in respect to a 
certain gene, é.g., the egg having the gene for brown 
and tlie sperm that for blue eyes, fertilize each other, 
neither gene is lost, but the resulting individual 
possesses both genes in every one of his cells, even 
though his eyes may show preponderantly the brown 
color, brown being said to be the dominant gene 
and blue the recessive. Half the germ-cells formed 
by an individual of such mixed composition will 
carry the brown gene and not the blue one, the rest 
carry the blue gene and not the brown, and so there 
is as good a chance for any one of his children to 
inherit the blue gene as the brown one. Moreover, 
it is found that neither the blue gene nor the brown 
one, when inherited by the next generation, slows 
any weakening or other trace of its former sojourn 
with a gene of opposite character. It persists 
through the generations uncontaminated by its as- 
sociate-genes. 
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Now if the individual of dual composition had: 
also been dual in regard to some other kind of gene, 
say for hair shape, having received the gene for 
curly hair from the parent that gave him brown 
eyes, and the parent that donated to him the gene 
for blue eyes, then, although he would probably 
show moderately curly hair, nevertheless, as in the 
case of the eye colors, half of the germ-cells which 
he produced would carry curly and the rest would 
carry straight. However—and here lies the import- 
ant point—not all those germ-cells of his that car- 
ried brown would be the ones carrying curly, nor 
would all those carrying blue carry straight; there 
would be some carrying the combination, new per- 
haps for this family, of brown cyes with straight 
hair, and other germ-cells carrying the converse new 
combinations—blue eyes with curly hair. Thus, 
by crossing and recrossing individuals with different 
genes will be produced in subsequent generations un- 
til all possible combinations of the differing genes in 
crossable individuals have been given a trial. Oc- 
casionally totally new effects, new characteristics, 
are thereby produced, when some new combination 
is obtained through the unexpected intcraction of 
genes which never before had been tried out to- 
gether, but such cases are rare. Were the process 
just described the only method of obtaining change 
in the characteristics of organisms, evolution would 
soon reach its limit. 


How Species Arise 


On analyzing the results of various crosses, it is 
found, as might have been expected, that closely 
related individuals differ in more genes (in fact, 
in about twice as many as do brothers or sisters), 
individuals of different races differ in still more 
genes, and those of different species, where the 
crosses can be made and analyzed, are found to 
differ in a yet greater number. In each case, how- 
ever, the differences are of the same general nature 
—differences in ordinary genes in the cliromosomes, 
that normally are handed down in heredity in the 
orthodox Mendelian fashion. In fact, in some cases, 
as Baur and others have found, the difference be- 
tween two inembers of a family may be in regard to 
the very genes which also distinguish two different 
species as a whole. The species-differences then, 
are simply more abundant, and have had a chance 
to become more select(ed). And same is true of the 
differences between more widely separated groups 
(with the further proviso, that the number and 
arrangement of the genes, as well as their kind, 
may be different). For, in the course of evolution, 
as one species changed into another and then again 
into another, it would gradually diverge so far 
from its progenitors as to be placeable in a separate 
genus, then in a separate family, order, class, etc., 
although all along differences would be accruing in 
tle same manner as before. If they can accrue in 
any other manner we should bv this time have got- 
ten evidence of it. 





_ as it were. 
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Most of modern genctics has been occupied with 
tracing down the above “facts.” They relate essen- 
tially to the method of transmission, to later gener- 
ations, of gene-differences that are already found 
to exist between individuals. They show the um- 
versality of these differences, their comparative cup- 
abilities. But they leave untouched what now be- 
comes the major question—how do such differences 
originate in the first place? What is the origin 
of variations? 

A hitherto rather incidental, yet very important, 
part of modern genetics has had to do with the 
problein just raised. It has been discovered definite- 
ly that differences between genes do arise, de novo, 
That is, not all gene-differences now 
existing in a population have existed in it from the 
beginning. New differences are continually arising, 
somehow, and the differences now existing have un- 
doubtedly arisen in the past in a manner similar to 
these. 


Where Variations Begin 


Kach gene-difference arises suddenly and full- 
fledged, though we may not be aware of it at once. 
Tnus, in a population of gray-colored mice, sud- 
denly, in a certain cell of one individual, one of the 
genes whose cooperation is necessary for the pro- 
duction of the gray color undergoes a change into 
a gene of different composition that tends, in its in- 
teraction with the other (unchanged) genes for 
color, to produce a yellow tinge instead of a gray. 
In this single ccll, however, the change will not be 
observed by us. But if this cell, or one of the cells 
derived from it, happens to be a germ-cell, an off- 
spring-individual may be formed in the next genera- 
tion all of whose eclls carry this new gene. Then 
if the new gene is dominant (as it happens to be in 
the case of yellow versus gray in mice) to the old 
gene for gray which the offspring has received 
from its other parent, the coat of the new animal 
will be yellow, and we will sce that a mutation has 
occurred. But if the new gene had been recessive, 
the gray dominant, the offspring would have ap- 
peared gray like its parents and we should not yet 
have been aware of the mutation. The new gene 
night persist none-the-less, and be inherited by 
gencration after gencration in invisible fashion, being 
meanwhile “dominated over” by the gray from the 
other parent. If in a later generation two descend- 
ants both of which carried the mutated gene hap- 
pened to mate together, an egg with the yellow 
might become fertilized by a sperm also carrying 
yellow, neither, therefore, carrying the dominant. 
gray, and from such a union a visibly yellow off- 
spring would emerge for the first time. A mutation, 
when recessive, may accordingly fail to manifest 
itself for many generations, or may never have a 
chance to show itself at all, before the line of in- 
dividuals carrying it becomes extinguished. (It has 
been shown by Fisher that most mutations must 
mect this mute inglorious fate.) 

The new gene, once it has arisen, is ordinarily 
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as stable as the old. ‘The change is definite and 
fixed, evidently of a chemical nature. Once it has 
occurred, we have a new mutant gene which will 
eventually either spread throughout the population 
or be killed off, according to whether the individuals 
which carry it reproduce more offspring or fewer. 

The effects of mutations are of course as varied 
as the genc-differences which are found to occur 
within populations, since these gene-differences orig- 
inated by mutation. Some gene-differences, some 
mutations, produce large and startling effects, like 
growing a leg on a fly’s forelicad. Some affect the 
whole body in practically all its parts, others ap- 
parently but one. But the less conspicuous changes, 
the insignificant effects that are easily overlooked, 
or that even, in many individuals, quite overlap the 
normal type, scem at least as apt to occur as do 
the pyrotechnical varieties. Evidence is not lacking 
that physiological changes, and changes that can 
only be detected physiochemically, are probably as 
frequent as changes in visible structures, but gene- 
ticists have till now had to have a predominantly 
morphological training, and anyhow the morpho- 
logical is casicr to sce and deal with. It would be 
absurd and scholastic to try to classify mutations 
according to the nature of their effects. A muta- 
tion can do practically anything that life can do— 
or at least a little of it, for life is built out of mu- 
tations. 


IV. THE RANDOMNESS OF MUTATIONS 


The statement just made does not necessarily 
mean, however, that the average mutation does very 
much in the furthering of life. You will recall that 
perhaps the biggest question among the older schools 
of evolutionists was this: Do variations have a 
tendency to be adaptive, to further life? Is there 
any evidence in them of an internal or external 
adapting or perfecting principle, call it what you 
will? Any kind of inheritance of acquired adapta- 
tion of the germ-plasm to environment, or single- 
stepping origination of species requires this. What 
do the data on the actual occurrence of mutations 
show? 

They show just the opposite, and in so doing 
they support Darwin. The vast majority of ob- 
served mutations are positively detrimental, and 
handicap the individual less or more in the strug- 
gle for its survival and reproduction. In fact, as 
Altenburg and I showed in some studies on the fruit- 
fly, Drosophila, in 1919, by far the greater number 
of detectable mutations in it are actually Icthal: 
their effect is to kill the animal before it becomes 
adult (though of course their effect may be pre- 
vented if they are recessive and if the dominant nor- 
mal gene has been received by the individual from 
its other parent). Evidence is accumulating that 
the same situation probably holds in other forms of 
life. Now this is just what we should expect, and did 
expect, on the basis of the theory that a mutation 
is a chemical change in a gene, occurring at ran- 
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dom, as it were—that is, without reference to the 
effect that would be produced, a-teleologically. Sup- 
pose you prod the innards of a watch at random— 
bring about some alteration in ignorance of the 
effect it may have. Are you likely to make it a 
better-running watch? A change, purely accident- 
al in this sense, wrought in any complicated organ- 
ization is more likely to injure or wreck than to 
improve that organization for the specific func- 
tion (in the case of life, multiplication) which it 
subserves. But, unless the organization has reached 
its absolute maximum of efficiency already, there 
will still remain some changes, and therefore some 
random changes, that will help. And so, occasional- 
ly, when your watch has stopped or is running poor- 
ly, you may knock it, prod it, or drop it, and find 
that, by the lucky replacement of a cog, or the 
displacement of a sand grain, it starts up merrily 
again. We shall return to this topic later. Mean- 
while, we stand on our data: despite the stagger- 
ing complexity of adaptation in living things, the 
vast majority of mutations are, as is to be expected, 
anti-adaptive. 


What Causes Mutations? 


It will not suffice, however, simply to call the 
changes ‘‘accidental.” An accident is something 
whose cause was independent of something clse you 
are interested in, but every accident has its cause 
just the same. And so we return again to our per- 
ennial question: What is the cause of mutations? 
Evidently, we may now say, not any outer or 
inner tendency toward perfection of the life force, 
but that does not help us very much, scientifically. 
The mutations whose origination has been known to 
gencticists have been on the whole very scattered 
and sporadic, so that little of definite information 
could be obtained, by collecting these observations 
concerning the conditions which may have been con- 
tributory to their occurrence. The trouble was that 
mutations having a conspicuous visible effect are 
so very rare anyway that one does not find enough 
in any one experiment to “count.” However, the 
very negativeness of this result, and the varied 
character of the mutations as they did occur, sug- 
gested that their occurrence had little or no re- 
lation to the ordinary variables of the environment. 

Efforts have been by no means lacking, on the 
part of numerous investigators, to find the cause, 
or a cause, of visible mutations, by trying all sorts 
of maltreatments in the attempts to produce such 
changes. In the course of this work, animals and 
plants have been drugged, poisoned, intoxicated, 
etherized, illuminated, kept in darkness, half-smoth- 
ered, painted inside and out, whirled round and 
round, shaken violently, vaccinated, mutilated, edu- 
cated and berated with everything except affection, 
from generation to generation But their genes 
seemed to remain oblivious, and they could not be 
distracted into making an obvious mistake in the re- 
production of daughter genes just like themselves. 
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The new genes were exact duplicates of the olg 
ones, showing no demonstrable mutations, or at 
most such a scattering few as might have occurred 
anyhow. 

And yet mutations certainly do happen, even 
though rarely. In the examination of over twenty 
million fruit-flies, not specifically maltreated, ovey 
four hundred visible mutations have been found, 
These mutations must have causes. What then 
can the causes be? What subtle conditions are they, 
apparently so independent even of violent injury 
and of other drastic and obvious changes in the 
physiological or pathological state of the organism? 
In going over the data on mutational occurrences 
in Drosophila the present writer in 1920 reported 
the finding of evidence that in this fly, when a mu- 
tation occurred in a given gene of a cell, not only 
did the hundreds or thousands of genes of other 
kinds in that cell remain unchanged, but even the 
twin gene of the other set in the same ccll—i.e., 
the originally identical gene that the individual 
had received from its other parent—remained un- 
changed also. Here, then, are two genes of identi- 
cal chemical composition, lying very close to one 
another in the same cell—on the average less than a 
thousandth of a millimeter apart—and one of 
them is caused to mutate but its duplicate is not. 
Neither do the identical genes in neighboring cells 
mutate. Evidence for this same kind of occurrence 
has been adduced in other organisms. Why do not 
the same general conditions, acting on tue same 
materials, produce everywhere the same results? If 
events in this sphere are apparently so indetermin- 
istic, is it any wonder that we could not in our pre- 


vious trials, by the application of definite condi- 


tions, produce definite mutational results? 


Must Explore Newly Found World of the Little 
For Mutation Cause 


In view of these accumulating findings, the con- 
clusion seemed to me to become increasingly prob- 
able, not that mutations were causeless, or expres- 
sions of “the natural cussedness of things,” or of 
the devil, but that, as Troland had suggested prior 
to the finding of this evidence, they were not ordi- 
narily due directly to gross or inolar causes, but 
must be regarded as the results of individual ultra- 
microscopic accidents—events too far removed from 
us in fineness to be readily susceptible to any exact 
control on our part. In other words, an appeal 
was made to the newly found world of the little 
which the old-line biologist and philosopher do not 
take sufficiently into consideration. 

The genes are not only protected by a cell mem- 
brane but by a nuclear membrane inside of that, 
and possibly again by a chromosomal envelope of 
some kind; they may be well shielded, therefore, 
from the reach of any poisonous substances or un- 
usual products of metabolism. They can not, how- 
ever, escape the interplay of the helter-skelter mole- 
cular, atomic and clectronic motions that are con- 
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The Amateur Scientist 


A Monruiy Feature conducted by ALLAN Srrone Broms 


The Plant Food Factory 


The leaf is the plant's laboratory 
jn which foods are synthetically pro- 
duced. The chemist on the job is the 
green coloring matter called chloro- 
phyll. Its work is to sort out sunlight 
rejecting the green light waves, which 
are consequently reflected to our eyes, 
and absorbing the other colors com- 
posing white light, especially the red 
waves. These happen to be just the 
right length and frequency for effect- 
ing certain chemical upbuildings out 
of such raw materials as water (H20), 
carbondioxide (CO2), soil salts and 
some nitrogen compounds. The re- 
sulting complex chemical conipound 
contain stores of energy derived from 
the sunlight. They serve as foods 
for both plants and animals, releasing 
their energy by a breaking down of 
the complex compounds into those that 
are simpler. This latter process is 
really a slow burning, a combining 


of oxygen with other elements, par- 
ticularly carbon, releasing energy 
made manifest in living activities or 
as heat. 

To detect the process of photosyn- 
thesis, as the food upbuilding is call- 
ed, perform this simple experiment. 
Submerge an actively growing water 
plant in a glass vessel and expose it 
to the light. Bubbles will appear on 
tne leaf surfaces and rise through the 
water. When the light is strong, the 
bubbles will be numerous, as it dimin- 
ishes, they diminish. The bubbles 
consist of oxygen and may be collect- 
ed by turning a glass of water over 
above the plant without spilling. As 
the bubbles rise, they will now slowly 
fill the inverted glass. The oxygen as 
it comes from the plant represents an 
excess in the water and carbondioxide 
which does not enter into the more 
complex food compounds, That the 
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gas is oxygen can be proved by thrust- 
ing a mateh in it. The match will burn 
with an unusual brilliancy. One can 
even burn iron in it by dipping the 
end of a steel wire into sulphur, set- 
ting fire to it, and then immersing 
it in the oxygen gas, 

The using up of food stuffs in the 
process of living goes on night and 
day in both plants and animals, It in- 
volves the absorbing of oxygen and 
the giving off of carbondioxide, just 
the reverse of photosynthesis. It is 
hard to detect in plants, especially 
during the daytime because of the 
more active reverse process which 
hides it. But at night it becomes ap- 
parent, for every part of the plant 
continues this breathing, inhaling oxy- 
gen, exhaling carbondioxide, while 
the photosynthesis, depending ‘upon 


light, has entirely ceased. This is- 


the reason why it is unhealthy to 
have plants in a closed bedroom. They 
like the other living occupants, use 
up the fresh air and pollute it with 
their outbreathings. 





tinually taking place both within and around them, 
on the part of the substances of which they and 
their neighbor molecules are naturally composed. 
Nor can they escape the buffeting action of the clec- 
tromagnetic stresses and strains occurring through 
space in the field in which thev lic inmersed. These 





various exchanges of energy are not, it is evident, 
ordinarily consequential enough, or the energy is 
not directed in sufficiently telling ways, to so dis- 
tort a gene as to change its composition permanent- 
ly. Occasionally, however, such a change does oc- 
cur, and subsequent generations tell the tale. 





2 yo . . . 
Research Laboratory of the University of T'eras, where Professor Muller and associates experi- 


ment with X-rays and fruit-flies to discover the roots of life. 


Note the hundreds of culture bottles. 


The results of these epoch-mahking experiments, showing how mutations were increased 1500 percent, 
will be described in the next issue of EVOLUTION. Bring this to the attention of your friends. 
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Question Box 


Answers by Allan Strong Broms, unless otherwise credited 


WHY DOES EVOLUTION BRANCH 
OUT? 


Q.—In his debate, Prof. McCabe said 
that in Australia and New Zealand 
only those groups of animals are 
found that were also on the main- 
land before those islands were de- 
tached and he uses that as a proof 
of evolution. Now, if higher species 
developed on the mainland of Asia 
why did they not also develop on 
these detached islands? GJ. S: 
A.—So far as we know, evolution is 
not guided along any set lines by 
outside direction that could keep it 
alike in two or more detached areas. 
Evolution occurs jin plants and ani- 
mals through variations (in all sorts 
of directions) which help or hinder 
the organisms in their struggles to 
survive. If, under existing condi- 
tions, such variations aid survival, 
they tend to be preserved by heredity, 
otherwise they are weeded out by this 
so-called ‘‘natural selection.” If ex- 
actly the same variations were to be 
repeated under exactly the same con- 
ditions on both mainland and island, 
then only would the evolutions tend 
to be parallel. But any given favor- 
able variation or series of variations 
(such as those producing the warm- 
blooded, fur-bearing mammals) is not 
likely to be repeated under exactly 
the same conditions of climate and 
other surroundings, so it is very 
improbable that any given course of 
evolution will be duplicated on main- 
land and island after detacliment. 


Vurthermore, isolation on islands 
or by mountain barriers often pro- 
tects organisms from evolution-stim- 
ulating severity in the struggle for 
existence. Life then becomes too easy 
and the organisms just Stay put. Or 
the conditions of life, though severe, 
just because they are different, pro- 
mote divergent evolutions, each adap- 
tive to local needs. 

Marked steps in evolution generally 
come through environmental changes. 
If environmental changes diverge, so 
will the resulting organic evolutions. 
We are pretty sure, for example, that 
the warm-blooded mammals arose 
during the Permian glacial period 
that man himself evolved in a rela- 
tively treeless region when aridity 
gradually wiped out the forests that 
had protected his ape ancestors, and 
likewise that man’s inventive mind 
evolved under the severe necessities 
of the Pleistocene ice age, Such 
conditions were, however, just local, 
and evolution proceeded elsewhere put 





hestitatingly, or not at all, or in other 


directions, 


ARE BIRTHMARKS CAUSED BY 
FRIGHT? 


Q.—Are birthmarks caused by fright 
of the mother? Neder COAmAN 1h 


A.—The superstition that birthmarks 
are due to fright of the mother dur- 
ing pregnancy. is one that all mothers 
seem to accept and all scientfsts deny. 
When a child is born marked, it is 
So easy for the mother to search 
her memory for a fright and find it. 
And mothers, despite the doctors, will 
probably forever try to make geniuses 
of their unborn babies hy themselves 
studying art, music and licerature. 
The studies fortunately d> no harm 
and may later be passea on to the 
children by education. But biolo- 
gists are very sure that no more 
direct influence can be co'nted on, 

A child starts to grow from a germ 
cell derived from the father and 
mother, and the mixture of parental 
traits in this original cell determines 
the characteristics of the child to be 
born. Then the training or niutila- 
tions of the parents’ bodies before 
conception do not seem to be trans- 
mitted to the child. Once the ebild 
starts its growth. it is completely pro- 
tected from outside influences. No 
nerves pass from mother to child to 
carry mental or emotional inipres~ 
sions, only a tube for the blood that 
bears oxygen and food-liquids to the 
child and wastes from it. Even then, 
the mothers blood stream does not 
reach the child, but trades its bur- 
dens at the doorstep, so to speak, 
Where they are filtered through thin 
membranes into the child's blood 
stream. These membranes. further- 
more, are very chooser as to what 
shall pass through. Poisons of disease 
or fright or worry are strictly barred, 
Our unborn babies are better safe- 
guarded than we know. 





IS THERE A SEAT OF LIFE? 


Q.—Is there an organic seat of life in 
the human body? If So, where js it 
located and how does it function? 

CG. Dy. Vv. 
A.—If£ you mean, as I assume, a par- 
ticular organ or spot as the cause, 
container and controller of life, the 
answer is surely “no.” That disposes 
of the second part of your question, 
but the answer itself needs amplify- 
ing. I really mean that modern bi- 
ologists do not set apart any one 
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organ as the seat of life. An organism 
consists of a vast number of Cellg 
naking up tissues grouped into or. 
fans, most of them living and inter. 
dependent in their living. Life per. 
meates every part and does not eman. 
ate from any single part, Of Course, 
there are tender and indispensible 
spots, to destroy or injure which de. 
stroys life. But there are Several 
such, so no single one can properly 
be called the seat of life. Each hag 
evolved with the body as a whole to 
do its essential part in the elaborate 
process of living, but it can do only 
that part and depends upon Other 
organs to do other necessary things, 

Scientific biologists do not think of 
life apart from the organism and 
make no use of the conception of a 
Separate Spirit or soul which cay 
settle down in some “vital center” 
and so give life to an otherwise dead 
body. The scientific mind is not 
tricked by such ideas that pretend 
to explain, but digs for the deeper 
explanations in the laws of physics 
and chemistry as they operate within 
the organism. 


WHO IS HE? 


Fundamentalists often try to bolster 
up their cause by quoting “authori- 
ties’ of whom we've never heard. 
Readers will perform a useful service 
by helping to trace them down. Our 
Wideawake friend, O. O. Whitenack, 
Wrote the following self-explanatory 
letter to Sir Arthur Keith of London: 
Dear Dr .Keith: 

An article against the theory of evo- 
lution is being circulated in Denver 
in which the following quotation is 
emphasized: ‘“Nine-tenths of the talk 
of evolutionists is sheer nonsense, 
not founded on observation, and whol- 
ly unsupported by facts. This Mu- 
seum is full of proofs of the utter fal- 
Sity of their views.—Dr. Etheridge, 
of the British Museum.” Any in- 
formation you may be able to give 
me concerning the genuineness of this 
quotation will be greatly appreciated. 

(Signed) O. O. Whitenack. 

To this Dr. Weith replied: 

a London, W.C.2, March 4, 1929. 
Dear Mr. Whitenack: 

The “Dr. Etheridge of the British 
Museum” who is credited with the 
statement that “nine-tenths of the talk 
of evolutionists is sheer nonsense” is 
not known over here either at the Bri- 
tish Museum or elsewhere. So we 
must conclude he is a “Mrs, Harrls” 
which fundamentalists have created 
to tell lies for them, 

(Signed) ARTHUR KEITH 


If any of our readers know the 
pedigree of this “Dr Etheridge” oF 
any other “Mrs. Harris,” we'll ‘be 
glad to print it. 
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Funnymentals 


“we affirm again that for sheer 
cowardice and incapacity the advocates 
of evolution have never been equalled; 
and it becomes increasingly evident 
that their philosophy is as bestial in 
its fruits as in its roots.” Christian 
Fundamentalist, May 1930. 


“Jvolution is the greatest farce ever 
foisted upon an unsuspecting public. 
The most frightful insult ever hand- 
ed to an all-wise Creator since the 
creation of man. It is the strangest 
phenomena humanity has to contend 
with today. A tremendous chain of 
circumstancial evidence supported by 
yague analogies and figures of speech. 
It remains today an erroneous doc- 
trine, unproved and without a shadow 
of scientific evidence. Notwithstand- 
ing this, more than 75 -percent of our 
educators in leading Universities 
teach this beastly doctrine.” 'Rev. 
Fred Johnston, June 1929 Defender. 


“If IT believed that life ends with 
death and that there is no punishment 
after death 1 would be less apt to 
tell the truth.” Judge Barnhill, in the 
“Gastonia Case.” 


“The king of England will have to 
order Darwin’s remains, removed from 
the abbey, for with the blasting of 
his theory of the ape origin of nau, 
Darwin is no longer a great man, His 
fame has been transmuted into infamy 
by Osborn’s Des Moines speech. His 
“Origin of Species” will have to be 
recalled and burned, lest future gener- 
ations revere the ape, now declasse. 
Replicas of his bust, enshrined in so 
many museums and halls of fame, 
will have be taken out to the rub- 
bish heap. Multiplied millions of text- 
books, used by our youth the world 
Over in High Schools and Colleges, 
will have to be junked, for Darwin 
and his tremendous contribution to 
science—the ape theory—are now con- 
signed to limbo by Osborn.’ Signs 
of The Times, Jan. 14, 30. 


IS THE FUNDAMENT CRUMBLING? 


At the International Convention of 
the World's Christian Fundamentals 
Association in Los Angeles this June 
Fundamentalist Wm. B. Riley affirms 
“That the creative days of Genesis 
Were Aeons, Not Solar Days” in de- 
bate against a still more Fundamental 
Fundamentalist, Harry Rimmer. We're 
afraid that it’s too early to welcome 
Riley to the ranks of evolution, but 
invite you to note how our cartoonist, 
George Wotherspoon, sizes up the 
Situation. 
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MY CONCERN 


Some show alarm for family tree, 
And little for posterity; 

What worries me far more than past, 
Is how to break my life long fast. 


J’m more concerned with truth and 
life, 
Than ignorance and jealous strife; 
l‘d rather from a monkey be, 
Than have a monkey made of me. 
J. CLYDE KEEGAN 
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NOTE OUR NEW ADDRESS: 

112 Bast 19th Street, New York, N.Y. 
NEW SUBSCRIPTION RATES: 

Single subscription, $2. per year. 
For $5 we'll send you a Five years 
gubscription, or a bundle of 5 copies 
one year to one address, or five yearly 
subscriptions to different addresses, 


TO TEACHERS OF BIOLOGY: 

A number of High School biology 
departments are using EVOLUTION 
with splendid results. Some of them 
take 100 copies of each issue for their 
students, Find out for yourself how 
EVOLUTION will arouse the interest 
of your students by ordering a bundle 
of this issue at once. The rate is 10 
for $1,; $10.00 per 100, and we send 
you two extra copies with every ten 
you order. 


1F YOU HAVE MOVED: 

Be sure to send us your old address 
as well as your new one so that we 
can correct our geographic mailing list 
Please bring this to the attention of 
any one whom you may hear complain 
about not receiving this issue of 
EVOLUTION. Many of our old sub- 
scribers will have moved since our last 
issue and we shall appreciate this co- 
operation of our friends to locate 
them. 


FOR GRADUATION PRESEN'LS: 

What more appropriate and accept- 
able gift than a good book? Especially 
some book of natural science, which 
wil open a new window in the mind 
of the reader, and forever after en- 
able him to look out and see and 
understand more of the world? We’ll 
gladly send any book of any publisher 
at regular publisher’s price. And if 
you'll include only one dollar extra 
we'll send EVOLUTION one year to 
whomever you select. 


TO KEEP abreast of SCIENCE: 
Two journals, “Scientific Monthly” 
and “Science,” both edited by J. Mc- 
Keen Cattell, are essential. They're 
always interesting; every number 
worth reading. We'll forward your 
subscription :— 
SCIENTIFIC MONTHLY, year, $5.00 
SCIENCE (weekly) per year, $6.00 
With EVOLUTION one year, simply 
add a dollar, All three, $11.00 
EVOLUTION, 112 E. 19 St. New York 


THE GREAT EVOLUTION DEBATE 

Between Prof. Jos. McCabe and 
Rev. W. B. Riley, which Riley would 
not publish in his fundamentalist 
magazine, appeared in full in three 
issues of EVOLUTION. Postpaid, 
25¢e; to ten or more addresses 20c¢ 
each. Fire a broadside. 


SCIENCE LEAGUE OF AMERICA 
Champions Freedom of Science 

Teaching. Write for pamphlet to 504 

Gillette Bldg, San Francisco. 
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_— QUESTIONS FOR A QUIZZ 
BASED ON THIS ISSUE 











— 
z “THE 
rf | Rev. W4.B. Ri Ley oF Is Evolution a Fact? See page 3 
THEWORLDs CHRISTIAN, Is Evolution “directed?” 5, 15, 18 
Fun pameArarisr Ass 4 | i 
ConcEONS eRe ARSE. | What Is Real Education? 2 
CREATIO . 
pp eee THE Where Did Life Originate? ” 
BIBLE WERE NOT 51x A i 
LITERAL DAYS —! How Did Hardships Help Evolve 
: eo . 4 at Human Mind? 8 
mS a "83 tH et 3 When Did the Last Ice Age End? 1} 
A\s Ky nfo. Ve How Estimate the Age of Niagara? 1] 
. “7 b Y How Can You “Feel” Earth Move- 
URDNABAT! 4 ments of Millions of Years Ago? 12 
ets:.2 
‘Nee ¢ How Are “Synthetic” Foods Pro- 
BD cr duced? 17 





How And What Do We Inherit? 4, 5, 18 


IN OVR NEXT ISSUL: 


sa 
ex fl, ? 

Pe tH Os AG. What Causes Evolution? 
. Pre = NS BS How did Sex evolve ? 
See 4 aay Does Matter evolve? 


THE GREAT BETRAYAL 











TO DISPEL THE DARKNESS BY SPREADING LIGHT 
is the mission of EVOLUTION. The advance guar of humanity, the men of science, are 
forging forward into the light at an ever increasing pace. But unnumbered millions, even in 
this land of ours, lag behind in the mental gloom of the Dark Ages. 


THIS GREAT RESERVOIR OF IGNORANCE 
is an ever present danger, especially in a country where laws can be made by popular vote. 
It may be lashed into fury any moment to suit the purposes of demagogic dogmatism. 


TWO INTERNATIONAL FUNDAMENTALIST CONGRESSES 
take place this month in Chicago and in Los Angles. This marshalling of their forces un- 
doubtedly presages another onslaught of bigotry and superstition upon Freedoin of Teach- 
ing. It probably means another referendum this year to outlaw the teaching of Man’s de- 
scent, the fact that he is kin to all the rest of life, 


POPULAR EDUCATION IN NATURAL SCIENCE 
is the only way to meet this situation. Ignoring it will not solve it. Arguing about consti- 
tutionality will not help. LIGHT is the only antidote for Darkness. EVOLUTION is 
published for the purpose of MORE LIGHT. YOU are called upon to help spread it. 


BECOME AN “EVOLUTION FOUNDER?” 
by sending a contribution at once to help with this great and worthy cffort at popular 
education. ‘I'he budget for this year calls for $20,000. Every thousand dollars will enable 
us to mail out twenty thousand samples to prospective subscribers. Every contributor of 
$5 or more toward this fund will be enrolled as one of the FOUNDERS OF EVOLUTION. 
Let us hear from you in proportion to your means. 


Address: EVOLUTION, 112 Kast 19th Street, New York, N. Y. Phone: ALGonquin 5919 
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NEW CHAPTER BEGINS with this issue. A number 

of most eminent scientists have consented to act as mem- 
bers of a Scientific Advisory Editorial Board; Prof. Henry E. 
Crampton, head of the Zoology Department in Barnard Col- 
lege; Dr. Martin Dewey, President-elect of the American Den- 
tal Association; Dr. Wm. King Gregory, Professor of Verte- 
brate Palaeontology at Columbia University and Curator of 
Ichthyology at the American Museum of Natural History; 
Dr. Paul B. Mann, President of the New York Association of 
Biology Teachers; Dr. Elihu Thomson, Consulting Engineer 
of the General Electric Company. 


ORE THAN TWENTY THOUSAND new readers 

are expected to receive this issue of EVOLUTION. As 
an introduction we therefore state again our aims: The purpose 
of EVOLUTION is to combat bigotry and superstition by 
popularizing natural science; to replace dogmatism with the 
scientific method; to champion the right of schools to teach 
whatever science discovers, and to maintain the duty of teach- 
ers to do so no matter how this conflicts with preconceived pre- 
judice; to achieve a larger place for science in education; to 
develop a general interest in natural science among the people, 
and to encourage the growing sense of social responsibility 
among scientists. For the attainment of these ends we invite 
the active co-operation of every reader. 


CERTAIN PROFESSOR HAS REFUSED to renew 

his subscription because “the name, EvoLuTIon, is too 
radical. The very word, evolution, antagonizes. It does more 
harm than good.” This same professor has written a biology 
text book without mentioning evolution and actually boasts of 
its approval by fundamentalist school boards. 


Such a professor, no matter how eminent, is a disgrace to 
his profession. For the fundamentalist who opposes teaching 
evolution because he honestly believes that the eternal welfare 
of his children is involved, we have respect and sympathy even 
while we attack his illusions. But for a scientist, who knows 
evolution to be a fact, yet deliberately bears false witness in 
order to sell more of his books, we have no regard at all. 


It may be “good business” to please backward school-boards 
in this way, but it is not honest. To hide the truth because of 
fear of opposition is moral cowardice. To hide it out of re- 
gard for profit is intellectual dishonesty. Instead of feeling 
proud of it and pressing us to follow his example, the pro- 
fessor should feel the blush of shame upon his cheeks. 


No—Evo ution will not resort to such subterfuge. Evotu- 
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TIon will not equivocare, will not compromise, will not trim wit 
and hedge and hide. Evotution will always come out boldly hes 
with the facts. Naturally, those chat prefer mental bootlegging be 
to this straight forward policy, will refuse their support. By wor 
this very condition proves the necessity for EvoLution and | 
makes us all the more determined to give the solid grain of lion 
science instead of merely science husks. And we're confidenr the 
that enough of our readers have the necessary moral integrity lion 
to help us “carry on” until the pressure of organized superst Padi 
tion, before which the professor has yielded, disappears from the 
the face of the earth. L. BE. K. ; th: 
WHAT DARWIN’S LIFE HAS MEANT ‘F 000 
If I were called upon to express what his life has meant, 1 tak 
should answer, “He destroyed the raging faith of the human and 
brain that it can attain truth by logic.” It is this faith which A 
inspires us to interpret nature as if it were answerable to hu. fF in t 
man reason, as if it must be clothed in “design” or “purpose” [J ‘the 
or “rectigradation.” Darwin is slowly teaching the world that fF eula 
nature is utterly beyond our thinking and that we are absurd the 
if we drape it in our mental tatters. We are rational only ff mer 
when we try to observe nature in Darwin’s way. ~ ppir. 
But I feel as if the stern old humorist were standing by my Bo J, 


desk and were not quite happy about my simile. A better 
summary of his work is given in a sentence that he wrote in 
1842, in the scribbled first sketch of his theory. It suggests 
how Newton rescued the human mind from its welter of super: 
stition about personality in inorganic nature. Newton showed 
that all matter is subject to regular laws. But organic. nature 
still remained beyond law, a field for a riot of superstition. 
Darwin, in his study, concluding his first sketch of an evolu: 
tion theory, set down his hope of the good it might accomplish 
—thar ic might make the facts of living matter intelligible. 
And he made a parable for his hope: 1 
“We no longer look on an animal as a savage does at a ship.” 
—-Henshaw Ward, in “Charles Darwin: The Man and His Welfare” 


IN OUR NEXT 

March Evotution will bring several noteworthy articles: 
Ales Hrdlicka of the Smithsonian Institution on hee 
Human Race and Its Future. 4 
Wm. King Gregory on the recent expedition of the Amer, i) 
can Museum of Natural History to the gorilla country. a 
J. H. McGregor of Columbia University, the latest inform 
tion regarding the “Peking” Man. Bt ih 
H. Gideon Wells of the University of Chicago, on the nei 
evidence for evolution from Bio-Chemistry and Immunology: a 


H., J. Muller, concluding “How Evolution Works.” 
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The Range of the Universe 


By HARLOW SHAPLEY 


gis galaxy-hunting astronomer may appear to be a rare 

spirit, blessed with the privilege of associating always 
with grand affairs—big stars, long distances, great spaces. But 
he does not greatly delude himself. His is also a world of 
littleness. His first sidereal measurement takes him out of touch 
with dimensions galactic to the minutest of things. To measure 
he must see. To see he must have light. To have light he must 
be in contact with the infinitesimals of the sub-microscopic 
world. 


There is no avoiding electrons, whose diameters are a mil- 
lionth of a millionth of millionth of a mile, when we measure 
the galactic system, whose diameter is a million, million, mil- 
lion miles. We need to consider the behavior of the individual 
radiating mechanism, consisting of one atom, when we analyse 
the behavior of an individual radiating star composed of more 
than _ 1,000,000,000,000,000,000,000,000, 000,000,000, 000,- 
000,000,000,000,000,000,000 atoms. Stars and atoms must be 
taken together, light waves and light years, electron motions 
and drifts of galaxies. 

A survey of material systems will therefore remain rightly 
in the astronomer’s field when it includes clusters in which 
the units are stars, and atoms in which the units are corpus- 
cular electrons and protons. The astronomer continually goes to 
the physical laboratory for guidance in theory and for experi- 
mental facts; the physicist frequently goes to the stars for in- 
spiration and for data. 


Ir is our ambition to start at the bottom and work our way 
up in the world. We shall therefore begin with electrons... 

We have no right whatever to maintain doggedly that we 
have reached the ultimate in infinitesimal material systems 
when we deal with these familiar material units. Experience 
should quickly teach us how unsafe such an assumption would 
be. A few decades ago not even the atom would have been ad- 
mitted to the society of systems. Atoms were the little, hard, 
ultimate chunks of matter, indivisable by grace of name and ex- 
periment and scientific dogma. But atoms are no longer listed 
as ultimates, they are now among the best of material systems; 
and even their unit components cannot maintain the former 
atomic role of being the indivisable stones from which the ma- 
terial universe is built. Experience certainly recommends cau- 
tion in asserting any lower limit in the organization of the 
Microcosmos. 

On the other hand, since we can know of electrons and 
Protons and the units of radiation only by using electrons and 
Protons and units of radiation in our technique of measuring 
and comprehending, it may be that we have already got near 
the bottom of measurable units and systems of units. Light 
Waves and electrons can be rather handily used to measure 
those bodies and systems of bodies in the material world that 
are larger than electrons and light waves. In the relatively 


Coarse-grained world in which we are to work, they are efficient 
ew 

Excerpts from “Flights from Chaos” by Harlow Shapley, with per- 
Mission of the author and publisher. Copyright, 1930, by the Mc- 
Graw-Hii] Book Co., Inc. New York, N. Y. 


tools. Bur in the hypothetical sub-electronic world, where there 
may be systems within systems indefinitely, our coarse-grained 
tools no longer bring information to our coarse-grained minds. 
It may be that we are stopped in our explorations downward, 
not because the limit is reached, but because of our inherent 
awkwardness. 


To register our conviction that the series of systems extends 
downward, and that for us its limit is indeterminate, we shall 
start our list of material systems with an empty dotted line, and 
give it the class number —5. The first recognizable systems, 
therefore, have the number—4. These small entities may be 
appropriately given the generic name Corpuscles, and we start 
out thus: 

—5 a eee ee 
— 4 Corpuscles 
— 3 Atoms 
— 2 Molecules 
— 1 Molecular Systems 
0 Colloidal and Crystallic Aggregates 
+ 1 Meteoric Associations 
+ 2 Satellitic Systems 
+ 3 Planetary Structures 
+ 4 Double and Multiple Stars 
4-5 Galactic Clusters 
6 Globular Clusters 
7 Galaxies 
+ 8 Multiple Galaxies 
+ 9 Supergalaxies 
+10 The Metagalaxy 
+11 The Cosmoplasma 
+12 The Universe (Space-Time Complex) 
AES us iS Sect aes 

Let us indulge one idle fancy. Is our inability to get deeper 
into the minutiae of the microcosmos or, in the other direction, 
farther into trans-galactic space tied up somehow with our own 


++ 


dimensions? It is a singular fact that electrons, in diameter, 
are just as much smaller than a man as he is smaller than a 
supergiant red star, the biggest body he measures. The observer 
is thus geometrically near the middle of the range. Also, in ma- 
terial content he is in a middle position. The biggest definitely 
organized and closely coherent bodies we measure are these 
giant stars that contain about 10°8 corpuscles (electrons and 
protons). An average man’s body contains 10%? corpuscles— 
halfway down towards the unit electron.* 5 

If the observer and interpreter were as large as Betelgeuse 
might he fail in his survey to reach objects smaller than the 
meteors and moons, but perhaps go far beyond our metagalactic 
system in the direction of things extensive? Or if he were of 
the dimensions of a bacterium, might not the sub-electronic 
world open up easily, though he fail to comprehend or meas- 
ure the stars and larger parts of the sidereal universe? 





“The exponent figures indicate that ten is to be used that many 
times in multiplying. If the exponent figure is preceded by a minus 


sign, ten is to be used that many times in dividing. This device saves 
writing a long series of ciphers, 1058 meaning 1 followed by 58 ciphers, 
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If, however, the technique of measurement and understand- 
ing always involves light of the wave lengths and properties we 
know about, a displacement of the observer from the middle of 
the scale does not help in penetrating the cosmos. Bacterium or 
Betelegeusian-—he finds that the tools, not the vision, set the 
limits, or at least constitute the handicap. New tools are needed, 
not a dimensional displacement of the observer. 


Our pivotal position in the scale of dimensions is probably 
just another of the grim illusions that make man appear to be 
importantly in the midst of the measureable world. As with his 
once flourishing geocentrism, further research may again easily 
decentralize him. We can attach no cosmic significance to his 
position in the universe. We are, as remarked above, indulging 
vain fancy . . 

Comprehensive and final, the word Universe seems most ob- 
vious for the name of our ultimate class .. . In our present 
usage, the Universe includes every material thing we know, Is 
it not natural and appropriate therefore to terminate the survey 
at this point, with the classes running from —4, Corpuscles, to 
+12, The Universe? 

If a hundred years ago we had surveyed the systems within 
the universe as then comprehended, it is certain that at both 
ends the list of recognized material systems would have been 
more limited. Atoms were not treated as systems, but as units. 
Electrons were unknown. In the macrocosmos there were vague- 
ly understood galaxies, but nothing higher was definitely visu- 
alized. Very little was accurately known, of course, concern- 
ing sidereal distances or stellar population. The warning of 
scientific history is certainly that our growing knowledge of 
The Universe may soon cross present boundaries, and that we 
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should allow for systems beyond those now conceived. Scien. 
tific pronouncements concerning unsurpassable limits in dimen. 
sions and masses or ultimates in organization are likely to be 
mere dogma. 

I suggest, therefore, that Class +-13 . .. be set up, partly 
as a matter of safety, partly as a challenge. 
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of Insects 


By F. M. CARPENTER 


sl liga insects occupy the same position among the inverte- 

brates that the birds do among the vertebrates: they are 

the sole members of their respective series to develop true 
wings. But the insects have undergone more changes in strzc- 
ture in adaptation to their surroundings and modes of living 
than any other animal forms. Most of them are winged and 
strong fliers; many possess oar-like legs and swim in lakes and 
streams; others have legs shaped like shovels and live in the 
soil; and a few others have lost all appendages and live within 
the body of some animal, feeding on the tissues and body 
fluids. Such a diversity of structure is an indication of great 
age and implies that much modification or evolution has taken 
place within the group. 

From numerous investigations on fossil insects it is certain 
that as far back as the middle Tertiary period (about fifty 
million years ago) the insects had already reached a develop- 
ment as specialized as that of the living species. Most of the 
genera, or species-groups, of the Tertiary are still existing. It 
is interesting to find that nearly all these genera once lived in 
different regions of the earth than they do now. The Tse-tse 
fly (Glossina), which carries the dreaded African “sleeping 
sickness,” now restricted to the Old World tropics, inhabited 
the Colorado region during the mid-Tertiary. 


If we go back to the middle Mesozoic (about 150 million 
years ago), we find a stranger assortment of insects; some of 
the existing families were present, but most of the species were 
less complex in structure than the modern or Teritary ones. 


When we go back to the Permian period (about 200 million 
years), we can find no living families, although there are sev-, 
eral familiar orders, the cockroaches, dragon-flies, scorpion-flies 
and such primitive types. The Permian insects, however, were 
more primitive in most respects than their existing relatives. 

Now if we turn over another page of our geological calendar, 
we come to the Upper Carboniferous (about 250 million 
years), in which the first insects are found. Only in the top. 
layers of these strata do we find an existing group of insects” 
—the cockroaches; all the other species, especially those of the | 
lower beds, belong to orders which have long since become e* 
They possessed none of the modifications or specializa~, 
tions which characterize our modern forms. The three segs 
ments of the thorax were equal in size and shape, showing n0, 
differentiation; whereas in living insects the two segments whi 
bear the wings have become enlarged by, or for, the expansio® 
of the muscles within. In other groups of recent insects, su 
as the leaf-hoppers, the first segment of the thorax possesses 
elahorate spines or some other form of armature. 


tinct. 
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1. A member of the extinct order Prodonata from the Permian of 
Kansas. Existed only during Carboniferous and Permian. Some were 
more than 2'4 feet across the wings. 


Similarly, the wings of these Carboniferous insects were un- 
specialized; the hind pair were of the same size and shape as 
the front pair, and the veins were alike. As we follow the 
insects through the geological ages we can trace the evolution 
of the peculiar features of the modern species. In some groups, 
such as the grasshoppers and allies, the hind wing has in- 
creased in size at the expense of the fore wing; in other groups, 
such as the may-flies, the hind wings have become smaller and 
smaller, while the front pair have enlarged. In the Permian 
may-flies, for example, the wings were just alike, in the Meso- 
zoic species the hind wings were a little smaller than the fore, 
and in all existing species the hind wings are so small as to be 
almost useless for flight,—in some they have been entirely lost. 

Of course, as the size and shape of the fore and hind wings 
became different in these groups of insects, their venation was 
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2. Primitive Dragon-Ay from the Permian of Kansas; (specimen in 


Harvard Museum of Comparative Zoology). Note that none of the 
specialized features of later dragon flies are present, 

also modified; so that in living insects the veins of the fore 
wing follow a different arrangement from those of the hind 
wing. The evolution of these changes can be traced in the 
fossils. Again, in the Carboniferous insects the veins were 
distributed equally over the wings, but gradually assumed 
other positions as the wings themselves changed in shape or 
mode of operation. The predatory insects, for example, in 
which the ability to fly rapidly was essential, developed pecu- 
liarities in the veins which strengthened the wing membrane 
for powerful strokes. 

Recent investigations on fossil insects have filled in many of 
the gaps in the geological history of these creatures, so that 
we are able to obtain a bird’s-eye view of their evolution from 
a consideration of the geological ranges of the major groups, 
or orders. Most of the insects of the Carboniferous and Per- 
mian were of orders dying out before the middle Mesozoic. 

The cockroaches, or at least insects which were like them, 
but a little more primitive, have existed since the Upper Car- 
boniferous; but they have undergone considerable modification 
1 structure and the number of species has greatly increased. 
In the Carboniferous the cockroaches comprised nearly 60% 
of all the species, but they steadily died off during the geo- 
logical ages until now they make up less than a half of one 
Percent of the existing insects. 
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In the Permian we find a few other living orders,—the 
dragon-flies (Odonata), May-flies, scorpion-flies, Neuroptera, 





3. Primitive May-fly from Permian of Kansas. The wings of 
these insects were alike, but in existing species the hind wing is less 
than one-third as large as the front one. 
true bugs (Homoptera), and the bark-lice (Psocoptera); but 
they were all much simpler than the later types and belong to 
extinct families. In the Mesozoic the wasp group (Hymenop- 
tera) makes its first appearance, as well as the caddis-flies, 
thrips, and the heteropterous bugs, and the ear-wigs. In the 
Tertiary we find the white ants (Isoptera) and butterflies 
(Lepidoptera) for the first time. 


The significant fact concerning this sequence of insect 
groups in geological time is that the groups appear in the same 
chronological order as we should expect from a study of the 
structures of their living representatives. The primitive orders 
appear first, followed in turn by more highly specialized mem- 
bers until the present complex, intricate insects developed. 





Note how much 


4. Dragon-fly from the Mesozoic of Bavaria. 
more complex the veins are than in the Permian specimen. (Fig. 2.) 


BROMS ON THE AIR 
Ate Broms, Science Editor of EVOLUTION, speaks 


over the radio regularly three times a week as follows: 


Saturdays, 11:30, A.M. Station WOR 

Saturdays, 5:00 P.M. Station WEVD 

Sundays, 2:00 P.M. Station WPAP 

Some of his subjects this month are: “How Big Is The 
Universe?” “Blood Will Tell,” “What Is The Sun Made Of?” 
“History In A Tree Trunk,” etc. Listen in with your friends 
and write your impressions to these radio stations. If Natural 
Science radio talks are appreciated, there will be more of them. 
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Man's Day Begins 


By SIR JAMES HOPWOOD JEANS 


Fe aici and geologists tell us that man 

has existed on earth for something like 300,000 years; 
we must go this far back to meet our ape-like ancestry. Be- 
tween them and us some 10,000 generations of men have 
walked the earth, most of whom have probably given some 
thought, in varying degree, to 
the significance of their exis- 
tence and the plan of the uni- 
verse. 

Of these 10,000 generations 
of men, the first 9,990 unhesi- 
tatingly regarded the earth as 
the center, and terrestrial life as 
the central fact, of the universe. 
As was suited to its majesty 
and dignity as the abode of 
man, the earth stood stil! while 
the celestial sphere spun around 
it, covering in the earth much 
as a telescope dome covers in 
the telescope; and this dome 
was spangled with stars, which had been thoughtfully added so 
as not to leave the central earth unilluminated at night. Ten 
generations at most have been able to view the problem of their 
existence in anything like its proper astronomical perspective. 

The total age of the carth far exceeds the 300,000 years or 
so of man’s existence. The evidence of geology, and of radio- 
activity in rocks in particular, shows that it must be some- 
thing like 2,000,000,000 years, which is several thousand times 
the age of the human race. Old Mother Earth must regard 
man as a very recent apparition indeed; he has just appeared 
to burrow into her, burn her forests, put her waterfalls into 
pipes, and generally mar the beauty of her features. If he has 
done so much in the first few moments of his existence, she 
may well wonder what is in store for her in the long future 
ages in which he is destined to labor on her surface. 

For in all probability the life in front of the human race 
must enormously exceed the short life behind it. A million, 
million years hence, so far as we can foresee, the sun will prob- 
ably still be much as now, and the earth will be revolving round 
it much as now. The year will be a little 
longer, and the climate quite a lot colder, while 
the rich accumulated stores of coal, oil, and 
forest will have long been burned up; but there 
is no reason why our descendents should not 
still people the earth. Perhaps it may be un- 
able to support so large a population as now, 
and perhaps fewer will desire to live on it. (On 
the other hand, mankind, being three million 
times as old as now, may—if the conjecture 
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does not distress our pessimists too much—be 
three million times as wise. 
Looked at on the astronomical time scale, 





From Annual Report of Smithsonian Institution, 
1929, pp. 165-8. 
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A high promise for fu- 
ture human achievement 
is here suggested by an 
eminent physicist.. In the 
next issue, in an article on 
“WHAT IS MAN BE. 
COMING?”, Ales Hrd- 
licka will discuss Man’s 
probable physical future 
from the viewpoint of an 


anthropologist. 
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humanity is at the very beginning of its existence—a new born 
babe, with all the unexplored potentialities of babyhood; and 
until the lasc few moments its interest has been centered, abso. 
lutely and exclusively, on its cradle and feeding bottle. J; 
has just become conscious of the vast world existing outside 
itself and its cradle; it is learning to focus its eyes on distant 
objects, and its awakening brain is beginning to wonder, in 
a vague, dreamy way, what they are and what purpose they 
serve. Its interest in this external world is not much developed 
yet, so that the main part of its faculties is still engrossed with 
the cradle and feeding bottle, but a little corner of its brain 
is beginning to wonder. 
Taking a very gloomy view of the future of the human 
race, let us suppose that it can only expect to survive for 2,000, 
000,000 years longer, a period about equal to the past age of 
the earth. Then, regarded as a being destined to live for three. 
score years and ten, humanity, although it has been born 
in a house 70 years old, is itself only 3 days old. But only in 
the last few minutes has it become conscious that the whole 
world does not center round its cradle and its trappings, and 
only in the last few ticks of the clock has any adequate concep- 
tion of the size of the external world dawned upon it. 
For our clock does not tick seconds, but years; its minutes 
are the lives of men. A minute and a half ago the distance of 
a star was first measured and provided a measuring rod for the 
universe. A quarter of a minute ago, Hertzsprung and Shap- 
ley showed how the peculiar stars known as Cepheid variables 
provide a longer measuring rod, and taught us to think in dis- 
tances so great that light takes hundreds of thousands of | 
years to traverse them. With the last tick of the clock, 
Hubble, using the same measuring rod, has found that the 
most remote objects visible in the biggest telescope on earth 
are so distant that light, traveling 186,000 miles a second, 
takes about 140 million years to come from them to us. * * * 
Our * * * infant, mankind, has made the great discovery of 
the existence of the outer world, has formed some concep- 
tion of his size, and adjusted his ideas, not by a process of slow 
revelation, but by a brain flash of the last few seconds. In his 
mature years and his staid old age he is no doubt destined to 
make many sensational discoveries, but he can never agaifl 
live through the immortal moments at which 
he first grasped the immensity of the outet, 
world. We only live through a few ticks of 
his clock. * * * The wonderful thing is that 
fate has selected for us what is, perhaps, i 
some ways the most sensational moment of a 
| 
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the life of our race. 
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Is Man Blood-Cousin to the Ape? 


By MAYNARD SHIPLEY 


we persons become indignant when it Another 
is suggested that man is probably a dis- 
tant cousin to the ape. Let us see. 

Scientists of the University of Cambridge 
and elsewhere carried out extensive and careful 
experiments with a view to testing the conclu- 
sions of comparative anatomists and geologists 
relative to the descent and relationship of the 
various genera and species of animals, includ- 
ing man and the higher apes. 

Some three million years ago, primitive 
lemurs abounded in the region now known as 
Wyoming and New Mexico, also in certain /ey 
parts of France, as is attested by their fossil re thing very 
mains. Many zoologists believe that the mon- here told. 
key family originated in western North Amer- 
ica, later spreading from this region to Europe, Africa and 
Asia, as in the case of camels and the rhinoceros family, which 
are almost certainly of American origin. The lemurs are 
now abundant only in Madagascar, but are found in small 
numbers in the tropical forests of Africa and Malaysia. 

This line of descent of the man-like apes from the lowly 
lemur can be established by various lines of evidence as rea- 
sonably certain. It can also be shown that man_ himself 
has descended from the same common ancestor as gave rise 
to the man-like apes, and is, moreover, a veritable blood rela- 
tive of the great apes. To test this theory in the light of blood 
immunity and blood relationship was one of the tasks set for 
themselves by Professors C. H. Nuttall, G. L. Graham-Smith, 
and T. S. P. Strangeways, all of Cambridge. 

So long ago as 1875, Landois had shown that the introduc- 
tion of the blood of a foreign species into any animal resulted 
in the disintegration of the minute, disk-shaped corpuscles, or 
cells, which float in the watery fluid (serum) of the blood. 
It was found that the serum of one family of animals (but 
Not one species) destroys the cells of another. Thus, the blood 
of the wolf or the fox may be transfused into the dog, (or 
vice versa), or the hare into the rabbit, or the horse into the 
donkey, without dissolving the cells. The cells are dissolved 
if blood of two species not closely related is so transfused. 

Friedenthal later showed that human blood serum dissolves 
the red blood corpuscles of fishes, amphibians, birds, such mam- 
mals as the cat, horse and even the lower monkeys; but not 
the cells of the anthropoid (man-like) apes! Finding that the 
blood of the chimpanzee and of the human can be transfused 
with impunity, this experimenter concluded that this fact 
Proved the four manlike apes and human beings are blood 
relatives, since the blood cells of all animals not closely related 
are destroyed or injured in proportion to their relationship. 

During the years 1897-99, the so-called “precipitin reaction” 
test was discovered and developed by Kraus, Tchistowitch and 
Bordet, and by this new method the monumental researches 
Were carried on at Cambridge by Nuttall and his associates, 
on a quantitative basis, establishing the degree or closeness of 
telationship of nearly all genera of animals now living. 


really 


“confession” 
of an evolutionist turns 
out to be a misquotation. 
The Fundamentalist Rev- 
erend W. B. Riley quoted 
the author of this article 
as admitting that “man 
has a line of descent of 
his own, and not con- 
nected with any other 


species.” What Mr. Ship- 


Omitting details, it may be explained that 
the precipitin reaction consists in the fact that 
if the colorless part of the blood, which remains 
after clotting, be taken from a human being, 
and injected into the veins of a rabbit, the blood 
serum of the latter will develop an anti-body, 
analagous to the anti-toxin which is produced 
in the blood of a horse by the injection of diph- 
theria virus. After several such injections, and 
a few days after the last injection, if the rabbit 
is killed and bled, the serum taken can be 
shown to be an “anti-human” serum. When 
brought into contact with human blood it causes 
the formation of a white precipitate; but if the 
foreign blood is that of some mammal only 
distantly related to man, the reaction is very 
feeble, exhibiting only a certain cloudiness. But if the foreign 
blood is that of a chimpanzee, gorilla, orang-utan, or gibbon, 
the precipitate is thrown down! 


said—some- 
diff erent—is 


The amount of the precipitation is a measure of the closeness 
or distance of relationship. Passing from the manlike apes to 
the lower forms, the reactions become progressively weaker, 
until the Lemuroidea (half-apes) are reached, when only a 
slight reaction occurs—indicating slight blood relationship. 

In Austria and Germany, the “precipitation method” is em- 
ployed by the police in the detection of criminals. For ex- 
ample, a suspected person is brought before a magistrate and 
charged with murder. On his sleeve blood-stains are dis- 
covered. “Where did these come from?” inquires the magis- 
trate. “I was killing a chicken,” replies the suspect. Now 
comes the blood test. The blood stains are soaked in a very 
weak solution of common salt, and, if necessary, the blood 
solution is filtered until it is quite limpid and clear. Into this 
blood solution a few drops of the “anti-human” serum are con- 
veyed; and if the stains are of human blood, a white percipi- 
tate is thrown down; but not if the stains are of the blood of a 
fowl—or of any animal except man or an anthropoid ape. 

Many a murderer has been detected by this’ simple method. 

Anti-bovine serum, or any other, may be produced in the 
same way. Thus physiological tests have confirmed degrees 
of relationship already established between animals by other 
researches of anatomists and palaeontologists, showing that 
the close anatomical resemblance between the four higher an- 
thropoids and man really means a blood relationship. 

These facts do not, however, imply that man is descended 
from one or the other of the existing man-like apes, or that 
the latter are evolving toward the human estate. Man is no 
more descended from the gorilla or orang than those apes 
ate descended from the chimpanzee or gibbon. Man and the 
anthropoid apes are branches of the tree of life, and if we trace 
these branches from their tips back to the common trunk, we 
find there a common ancestor of both apes and man; and, to 
go still farther back in time—millions of years ago—we should 
eventually find the common ancestor of all mammals—the first 
warm-blooded quadruped that suckled its young. 
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How Long Ago? 


By EDSON S. BASTIN 


Co has made a notable contribution to an intelligent 

philosophy of life by giving us at least a rough idea of 
the amount of time involved in the great pageant of life-de- 
velopment. In geologic, as in human history we need to see 
events in their proper time perspective to understand fully 
their meaning. Having placed the varied forms of the past in 
their proper positions in the great procession of evolving life, 
how shall we know whether the procession moved rapidly or 
slowly? The question is so difficult that it may never be com- 
pletely answered, but enough has been learned to show that 
profoundly long periods of time are involved. 

How does the geologist solve a prob- 
lem of this sort? There is no mystery 
in his methods. One of his simple guid- 
ing principles is that processes going on 
in the earth’s surface today went on also 
in the past—the present is the key to the 
past. In the shallow waters of the shores 
of Lake Michigan he sees the sand 
marked by a series of little ridges and if 
he watches he can see that these are 
formed by the drag of the waves on the / 
lake bottom. He calls them ripple- 
marks. 

His next excursion is to a quarry where} 
hard rock, sandstone, is being quarried. 
The quarryman with his hammer splits 
a piece off a solid, flat ledge and there 
on its surface are ridges or ripple marks 
precisely like those he saw forming on 
the lake bottom. The natural and rea- 
sonable conclusion is that what is now 
sandstone was once sand shifted by the 
waves in the shallows of a lake or the 
ocean. 

On another excursion to a new locality, the geologist finds 
sandstone beds showing the same sort of markings, but this 
time the ripple marked surfaces are standing vertical instead 
of lying flat. From this he concludes, not only that lake or 
ocean waters once stood where now is a sandstone quarry, but 
also that since then the sandstones have been tilted by earth 
movements from their original flat-lying position until now 
they stand vertical. 
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Similarly in Italy the geologist sees rocks of peculiar kinds 
forming today from cooling lavas of Vesuvius. When later, 
on our New England coast, he finds rocks of almost identical 
sorts he concludes that once volcanoes were active there altho 
they have long since ceased to belch forth molten lavas and 
their once mountainous forms have been worn down to low- 
lying plains. 

It is by methods equally logical, if not quite as simple, that 
he learns something of the age of the earth. At the mouths 
of rivers and along shores he sees rocks in process of forma- 
tion as muds and clays and sands. By careful watching he 
can learn how long it takes to accumulate an inch or a foot 
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300 Miilhon years 
a Aa 


Graph illustrating geologic time and the 
earth’s history. From David 
White, U. S. Geological Survey. 
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of such sediments. In other places they may be accumulating | 
faster or slower, and some sorts of sediments form much more 
slowly than others, but by many observations scattered over 
the earth he can arrive at some rough average of the time: 
necessary to accumulate a foot of these sediments. On the 
average it appears to take something like 900 years for , 
foot of sediment to be laid down. 

Now if we multiply this period of time by the total number” 
of feet of sediments that have accumulated in the past to form 
our great series of sedimentary rocks—70 miles in thickness ; in Se 


all—we arrive ata figure of around three hundred million years et” 
ws as the time necessary for them to accy. | ‘land 
x¥ mulate. Crude as is this method and mp peth 
SS traught with many uncertainties, it yet jm bone 
FUTURE gives us some rough notion of the im-- 3 Al 
i mense periods of time involved in the his. mm  Feset 

tory of the earth. “long. 


Another method of calculating geo. ® of. 
logic time is based on the amount of # > hum 
Water fall. a. If 
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common salt in the oceans. 























ing as rain on the earth’s surface dis. terv: 
solves salts of various kinds as it flows ™ — time 
off over the surface or underground,’ z eart| 
eventually to join the brimming river and | E day 
travel to the sea. Some of the salts are | © Brit 
deposited when they reach the ocean, but B pied 
most of the common salt remains dis [+ 
solved in the ocean waters. It is possi: ee 
ble to calculate roughly, from the known | vas: 
size of the oceans, how much common Be relat: 
salt they contain. It is also possible ce | ¥ nid 
calculate roughly how much common salt Pie 


is bein carried to the ocean in a ear by | ; ‘nine 
& ; 


the rivers of the world. Dividing the} NV. 
first figure by the second gives us a figure) met! 
of around 100 million years for the age of the ocean. Obvi the | 
ously this method of calculation has many grave uncertainties B pital 


and is valuable only in giving a rough conception of the general 
order of magnitude of the periods of time involved in geologic 
history. 


The newest method of measuring the age of the earth is by 
far the most ingenious and probably the most reliable. There, 
are substances that are continually disintegrating by giving 0 
The radium of 
thorium salts used for the luminous figures on the dials of, 1% 
clocks and watches are substances of this sort. While mati | 
of the substances that thus disintegrate spontaneously are pt 
duced only in the laboratory, some are minerals occurring 4 
turally in the rocks. Now the significant point is that the 
rate at which such minerals disintegrate is nearly constant 2% 
can be measured in the chemical laboratory in terms of © 
ordinary time units of hours and years. Furthermore whe] 
such minerals disintegrate, certain of the products of disintegt™: 
tion remain in their entirety associated with the original mil 
eral. If then we determine by analyzing their proportions iif 


what are commonly called rays or emanations. 
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~ the mineral what degree of disintegration it has undergone we 
*'can get a measure of the number of years that have elapsed 
© since the mineral was first formed in its fresh state in the rocks. 

Thus measuring the age of the earth in the chemical lab- 


+ oratory, we arrive at even more astonishing estimates of geo- 
» logic time than were obtained by the older methods. If, using 


these newer methods, we hastily run the gamut of some of the 
major events of geologic history, dating them as we go, we 
. find that the oldest rocks now exposed on the earth’s surface 


» were formed something like 1500 million years ago. 


The first clearly recognizable remains of living forms pre- 


» served in the rocks—forms that lived in the sea—appeared at 


least 600 million years ago, although less direct evidences show 
that life itself appeared much earlier than this. 

Something like 400 million years ago living forms first 
crawled out of the sea to inhabit the land—these first known 
land animals being scorpions. Footprints in rocks formed 
perhaps 350 million years ago are our first record of back- 
boned animals living on the land at least part of the time. 

About 40 million years ago appeared the lemurs, the first rep- 
resentatives of the great group of primates to which man be- 
longs. And perhaps half a million years ago appeared in far 
off Java the first of the forms that can properly be called 
human. : 

If, to grasp more readily the relative values of these in- 
tervals of time, we should reckon as one day of 24 hours the 
time since clearly recognizable forms of life appeared on the 
earth, then man has existed only for the last minute of that 
day and the entire sweep of English History since the Ancient 
Britons first crossed the channel from the continent has occu- 
pied only the last second of that day. 

How reliable is this geologic clock based on the dissociation of radio- 
active elements? Can we be absolutely sute that their disintegration 
has continued at exactly the same invariable rates throughout all the 
vast stretches of time? Possibly not; bur this at least is true, the 
relative ages of various rocks as determined by this method agrees with 
their relative ages as determined by their geologic relations to each 
other—and this fact gives us confidence in the method. Ac least our 
clock never strikes ten until ic has struck nine and does not strike 
nine until after ic has struck eight. 

Making due allowance for all the uncertainties of such 
methods of estimating geologic time, it is at least clear that 
the physical conditions on the earth’s surface began to be hos- 


pitable for life at periods almost inconceivably long ago and 
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that throughout all subsequent time they have never varied 
sufficiently to result in its extinction, for the chain of life de- 
velopment has been continuous. There seems to be no reason 
to expect that our physical surroundings will cease to be hos- 
pitable to life for countless ages to come. In the relatively 
brief space of man’s existence on the earth—the last minute 
in our geologic day—he has harnessed the inanimate forces 
of nature and has brought all other forms of animal life except 
a few disease germs into subjection to him; he has greatly ex- 
tended his term of life by his partial conquest of disease and 
by better protection from the elements; and he has developed 
powers and qualities of mind and spirit not remotely ap- 
proached by other living creatures. 

With a clear field ahead, what magnificant progress may be 
his if he accepts his responsibility for continuéd progress. His 
main enemies are now within himself—and he may well beware 
lest in the increased ease of living he loses the vigor and the 
homely virtues that are necessary for the progress of the race 
upward and onward. 
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Ripple-marked Potsdam sandstone with trilobite trails, Port Henry, 
N. Y. (In New York State Museum). 





ABORIGINES of Stone Age culture 
are reported to have been found by W. 
Lloyd Warner, anthropologist, on small 
islands north of Australia. He said that 
they have no religion and no money, but 
an elaborate social organization, marked 
tules of conduct and obedient children. 
They are polygamous and the women do 
most of the work. Their only weapons 
are stone-headed spears. 
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How annual clay Jayers were deposited in 
fresh water off the receding ice front during 
chree successive years——From Antevs. 


id ew still live many who take seriously the chron- 

ology drawn about 1650 by James Usher, 
Archbishop of Armagh, who set the date of Creation 
in the year 4004 B.-C. by the simple method of 
adding Adam’s 930 years to Enoch’s 365 years to 
Methuselah’s 969 years, etc. Dr. John Lightfoot, 
Vice-Chancellor of Cambridge University, promptly 
“improved” on this dating by specifying that the 
Creation occurred on October 23rd, at nine o’clock in 
the morning. But later scholars, of equal “author- 
ity”, have placed the date variously at 4710 B. C. and 
5872 B. C., the resulting debate lasting (in certain 
circles) to this very day. (See page 19.) 

But meanwhile, for half a century, the geologists 
have been confidently talking of millions and lately 
of billions of years since the Earth was born, and 
have developed dependable methods for closely esti- 
mating the ages of our oldest rocks. But especially 
conclusive is a method now used by the glacial geolo- 
gists to date (almost to the year in some cases) 
the progressive recession of the great ice sheets 
from northern Europe and North America, which 
dates take us back definitely some 13,500 years, long 
before the orthodox dates of Creation. 


The method, originally suggested a century ago by 
an American geologist, Alfred Smith, and first ap- 
plied about 50 years ago by Baron Gerard DeGeer 
of Sweden to working out a post-glacial chronology, 
consisted in counting the number of layers in clay 
deposits, each layer representing a year, much as we 
measure the age of a tree by counting its annual 
growth rings. 

Several years ago, in a rear storeroom of the 
American Museum of Natural History, I was privi- 
leged to examine a collection of banded clays care- 
fully preserved in long metal trays and soaked with 
glycerine to keep them from drying and shrinking. 
From them, Dr. Chester A. Reeds and other geolo- 
gists were reconstructing the history of the New Jer- 
sey, New York and New England areas since the 
close of the Great Ice Age, long before the coming 
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of the white man. They already had a complete 
year by year record covering thousands of years, but 


not definitely connected with modern dates. 


They had examined hundreds of clay pits (often 
already nicely dug out for brick yards) along the 
Passaic, Hackensack, Hudson, Connecticut and Mer- 
rimac rivers. They either measured the series of clay 
layers by marking them on long, strong strips of 
paper (see center illustration), or they took samples 
of the clay itself by pressing a long, narrow metal 
tray vertically against the smoothed clay wall and 
then cutting the enclosed clay loose from the mass. 
This latter method was often necessary when the 
layers were too alike in thickness, but showed distinc- 
tive differences in color or texture by which they 
could be identified in several locations. In the lab- 
oratory, all the measures were charted for ready 
comparison and the work of counting for actual 
dating was done. 

At chat time, one of the group, Dr. Ernst Antevs, 
was away up in the wilds of Canada, laboriously 
gathering more samples and measuring clay layers in 
an attempt to extend the series of years and fix defi- 
nite dates for all the various stages of melting and 
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The letters indicate moraines: T.M.—terminal moraine. R. 
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By ALLAN BROMS 


Fortunately, the layers are not all alike from year 
to year. Long, hot summers resulted in thick gravel 
layers, while shifts in outflow caused new kinds and 
colors of outwash deposits. Such distinctive layers 
can often be identified over wide areas in several clay 
deposits. By going from one to another and making 
careful comparisons, a complete series may be worked 
out from the overlapping local records to make a 
continuous calendar for thousands of years. In 
northern Sweden, fortunately, it was possible to trace 
the series to the very fronts of existing snow-fields 
(where just such clay layers are now being laid down 
each year), so connected definitely with our times. 

Obviously, no layer could be formed at any point 
until the ice had melted away and uncovered it. As the 
ice edge receded, each succeeding annual layer would 
extend a bit farther north, overlapping somewhat 
like the shingles on a roof. The margin of the 
layer (where it touches bedrock at any date), there- 
fore marks the edge of the ice-sheet at that date. 
By this method, the stages of retreat of the Baltic 
Ice Sheet have been carefully dated as shown on the 
small map. The entire record, though it does not 
go back to the very beginning of the glacial recession, 
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The principal moraines are indicated as follows: F.— 
Flaming. B.—Brandenburg. Poz.—Poznan. Pom.—Pom- 
merania.—From Antevs. 
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The dates of the principal stages of retreat 
of the Baltic Ice Sheet. 


does go back some 13,500 years, long before the Fun- 
damentalists’ year of Creation. 


A long, oscillating hale of the ice front in the 
Danish Islands and southern Sweden ended some 
13,500 years ago. By this time or soon after, our 
own ice sheet was just retiring from the Great Lakes 
region. A notion of the succeeding stages in both 
areas can be gained from the two large maps that 
show what we have learned from the Great Clay 
Calendars. The relative completeness of the Baltic 
Calendar is apparent. The American Calendar has 
serveral gaps, which we must fill as best we may from 
other calendar data, such as the gorge-cutting by 
Niagara Falls, the changes in the Great Lakes, and 
by tracing across the country the long moraines of 
dumped earth and rock which piled up along the edge 
of the melting ice sheet at its greatest extension or 
where it halted or readvanced slightly in its general 
northward retreat. Such moraines are indicated by 
dotted lines on the maps and do serve to mark con- 
temporaneous locations of the ice front, since they 
were deposited at much the same time. The year 
figures given on the geologists’ working maps are not 
our own calendar dates, but are relative to arbitraty 
base locations of the ice front (for no actual dates are 
ever known at the outset). But on the American 


“map, figures have been guessed at for the number of 


years after the beginning of glacial retreat. Both the 
southern and northern ends of this record are miss- 
ing, but good guesses seem to be that this beginning 
occurred about 40,000 years ago, certainly more than 
30,000, probably less than 50,000. In this brief 
period (brief geologically) the great ice sheets have 
shrunk to some mountain glaciers in the Alps and 
Scandinavian mountains and to a more considerable 
ice cap over Greenland. But even the Greenland ice 
cap, thick and immense though it be, is a mere rem- 
nant of the miles-thick ice sheet which once covered 
some four million square miles of our continent. 


References: Ernst Antevs, “Recession of Last Ice Sheet in 
New England” (1922); “The Lase Glaciation” (1928). 
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How Evolution Works 


By H. J. MULLER 


V. X-RAYS CAUSE MUTATIONS 


F this general conception of mutation is valid 


crosses of these stocks with other stocks va. 


The opening chapters 


in our last issue consid- tious combinations of characteristics would be 





expected in the first and following genera- 
tions. If flies with some particular expected 
combination were, however, absent from a 
given culture, it would mean that a mutation 
had occurred that had given rise to a lethal 
gene—one that had killed the flies containing 
it before they had a chance to hatch. By 
noting which combinations were missing it 
could be deduced which chromosome of the 
fly the lethal was in, and at what place in the 


we must regard it as being merely a kind of 
placing of the problem; we should not yet 


ered the various theories 
of the cause of evolution, 
reviewed the principles 
of genetics, proved the 
randomness of mutations 
and traced their origin to 
the “newly found world 
of the little,” the genes. 
We'll send this first part 


know just which were ordinarily the critical 
processes concerned, still less the exact steps in- 
volved. The conception carries with it, how- 
ever, suggestions for further experimental in- 
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vestigation. For among the agents of an ultra- 
microspically random character, that can strike 
willy nilly through living things causing drastic 
atomic changes here and passing everything by 
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For the most part, in a cell, the rays will pass through 
but at isolated, unpredictable spots, depending upon 
unknown “chance” details of energy-configurations, a definite 
portion, a “quantum,” of the rays will be held up, and part of 
the energy thus absorbed will issue forth in a hurtling electron, 
shot out of the atom that stood in the way of the radiation. 
The atom will be changed thereby, and hence the molecule in 
which it lies may undergo a change in its chemical composi- 
tion. But for every atom thus directly changed there are 
thousands of other atoms changed indirectly. For the electron, 
shot out like a bullet (except far faster), tears its path through 
thousands of atoms that happen to lie in its way, leaving in its 
wake a trail of havoc before it is finally stopped. In this 
process, many of the atoms through which the electron tears 
have one or more of their own electrons torn out or dislodged 
from their proper places; this change in the structure of the 
atoms often causes them to undergo new chemical unions or 
disunions that in turn alter the composition of the molecules 
in which the atoms lay. If a gene is a molecule, then, with 
properties depending upon its chemical composition, it can be 
shot and altered by the electrons resulting from the absorption 
of X-rays or rays of shorter wave-length. The only question 
would be, can enough mutations be caused in this way to be 
detectable by our present methods, with doses of rays small 
enough not to kill or sterilize the treated organism? 

With these points in mind, the author undertook in the fall 
of 1926 a series of experiments designed to test the question 
at issue. The fruit-fly, Drosophila, was used, since it is so 
easily and rapidly bred in large numbers and since it rendered 
possible the employment of special genetic technique for the 
finding of mutations, that had been elaborated in the course 
of my previous work on linkage and mutation in this organism. 

It would take us too far afield here to examine this technique 
in detail. Stocks of flies had been made up containing in 
given combinations certain genes with conspicuous effects 


4 unaltered there—not a ten thousandth of a to any new subscriber chromosome it lay. On the other hand, mu- 
= millimeter away, there stand preeminently the upon request. tant genes having visible instead of lethal 
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P| X- or Y- (gamma) tay and its accomplice, the effects would be detectable through the ap. 
23 speeding electron. There is nothing in protoplasm which can pearance of the visible variations, and these too could be traced 
*% effectually stop the passage of X-rays or the related to their chromosome position through studies of the nature and 
a waves of shorter wave-length—gamma and cosmic rays. frequency of the combinations in which they appeared. Mutant 


genes that were recessive to the normal type, however, and 
most mutations are recessive, would not have a chance to be 
seen or found until the second or third generation of offspring, 
subsequent to their origination. The reason why recessive mu- 
tations are not evident at once has been explained previously. 
In these experiments the adult flies—in some cases the males, 
in other cases the females—were placed in gelatin capsules and 
subjected to doses of X-rays so strong as to produce partial 
sterility, though the other functions of the flies are not notice- 
ably disturbed by a dose several times stronger than used here. 
The treated flies were then bred to untreated mates, and at the 
same time numerous control matings of the same genetic type 
were carried on for comparison, consisting of untreated males 
crossed by untreated females. Thousands of cultures were 
used in this and subsequent experiments, in order, if possible, ° ; 
to settle the matter beyond any doubt. 


Startling Results 

The results in these experirnents were startling and unequiv- | 
ocal. To the toiling pilgrim after plodding through the long 
and weary deserts of changelessness, here indeed was the Prom- 
ised Land of Mutations. All types of mutations, large and 
small, ugly and beautiful, burst upon the gaze. Flies with 
bulging eyes or with flat or dented eyes; flies with white, purple, 
yellow or brown eyes or no eyes at all; flies with curly hair, “ 
with ruffled hair, with parted hair, with fine and with coarse 
hair, and bald flies; flies with swollen antennae, or extra af- 
tennae, or legs in place of antennae; flies with broad wings, 
with narrow wings, with upturned wings, with downturned 
wings, with outstretched wings, with truncated wings, with 
split wings, with spotted wings, with bloated wings and with 
virtually no wings at all. Big flies and little ones, dark ones and ‘ 
light ones, active and sluggish ones, fertile and sterile ones, 
long-lived and short-lived ones. Flies that preferred to stay on | 
the ground, flies that did not care about the light, flies with a 


dial 


mixture of sex characters, flies that were especially sensitive to 
warm weather. They were a motley throng. What had hap- 


which would serve to notify the investigator that the chromo- 
some under consideration was present. 
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ened? The roots of life—the genes—had indeed been struck, 
and had yielded. 

It must not be supposed that all the above types appeared 
congregated together in one family. The vast majority of the 
offspring that hatched still appeared quite normal, and it was 
only by raking through our thousands of cultures that all these 
rypes were found. But what a difference from the normal fre- 
quency of mutation, which is so painfully low! By checking up 
with the small numbers of mutants found in the numerous un- 
treated or control cultures, which were bred in parallel, it was 
found that the heaviest treatment had increased the frequency 
of mutation about 150 times—that is, an increase of 15,000 
per cent. 


VI. SIMILARITY OF THE X-RAY TO THE 
NATURAL MUTATIONS 


Yet these mutations were obviously of the same general 
nature as the spontaneous mutations that occur without X-ray 
treatment. This was shown by the fact that in many cases 
changes had been produced which were undoubtedly identical 
with spontaneous variations which had been found in the pre- 
vious history of the Drosophila work; the effects in these cases 
appeared identical in every particular, and the method of in- 
heritance, the position of the gene concerned in the chromo- 
some, was found to be the same. 

The new types of mutations, like the old, conformed in their 
general expression and mode of inheritance to certain general 
principles which I have previously observed to hold in the case 
of the mutations occurring in untreated material. One of these 
principles was that the great majority of the mutations—of 
X-ray as well as of natural origin—are recessive to the normal 
type, despite the presence of a rather small minority of domin- 
ants. Thus the technique of breeding out through a number of 
generations in order to find the mutations was found to be justi- 
fied. And it may be remarked here that if human beings are 
affected by X-rays in the same way as flies, we can not expect 
to find much evidence of a mutational effect of X-rays on them 
from data derived only from the first, or even the first, second 
and third human generations, and such a negative result will 
therefore by no means indicate a lack of significant genetic 
effect. 

The second principle observed was that the X-ray mutations, 
like the natural ones, included both inconspicuous as well as 
conspicuous changes, changes of slight or almost imperceptible 
degree as well as striking changes of structure or quality, and 
changes that registered their effect, so far as could be deter- 
mined, only in slight lowerings of the general vitality, as well 
as those that were more graphically describable. If anything, 
the more easily overlooked effects were the more frequent. 


A third principle noted was that most of the X-ray muta- 
tions were in some way detrimental to the animal in living its 
life—they were steps in the wrong directions in the struggle for 
existence. This finding has already been discussed in the case of 
the natural mutations, and it has been explained that this is 
just what is to be expected, on the whole, of changes that occur 
at random, accidentally, “by chance”—I care not what term you 
wish to use to describe the idea that they occur without refer- 
ence to their consequences, unadaptively, and hence are more 
likely to be “wrong” than “right” changes, just because there 
are more wrong roads than right roads to follow, and because, 
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as is well known, the right road is apt to be the narrower. In 
the case of the X-ray mutations it is easily seen that, if the 
change occurs as I have pictured it, it must occur accidentally, 
without reference to the possible advantage or disadvantage it 
would confer, since the shooting electrons let loose by the 
X-rays are coursing helter-skelter through the cell, quite blindly, 
and are just as apt to hit one gene as another, to strike it either 
on its left or its right side, through its heart or its appendix, 
so to speak, and so will cause one change or another indiscrim- 
inately. We have in the X-ray mutations, then, a group of 
variations which seem necessarily to be random, and hence 
would necessarily be mostly detrimental. In view of this, it is 
interesting to compare with them in this respect the natural 
mutations, and to note that, so far as our evidence goes, the 
natural mutations have, on the average, every bit as much ten- 
dency to be detrimental as the X-ray mutations have. The ob- 
vious conclusion is that the natural mutations too must be ran- 
dom changes, in the same sense that the X-ray mutations are. 


Most Mutations Kill 

As in the studies on natural mutations, so too among our 
artificial ones, the great majority were lethal—they killed the 
fly before it ever hatched, except where there was a normal 
gene from the other parent to dominate over the lethal and 
save the fly’s life, so that it could be bred and the method of 
transmission of the lethal studied. The changes in wings, eyes, 
ctc., previously mentioned were only the exceptional visible 
changes, culled from out of a great mass of lethals. Thus, 
although the great majority of the descendants of X-rayed flies 
that lived looked normal, many of them carried, hidden by the 
dominant normal gene, a recessive lethal gene. And if we 
count up all these lethals we find that the majority of the 
offspring of heavily X-rayed flies are not really normal in their 
genes after all, for something over 50 per cent. of them contain 
some kind of lethal mutation that will not work its destruction 
until a still later generation. This too deserves being considered 
in its bearing on X-ray effects in the case of human beings. 
Now previous studies of Altenburg and myself on natural 
mutations have shown that among them too, although the 
total frequency of mutations is so much smaller, nevertheless 
the number of lethals is just as large, relatively to the number 
of other, visible mutations which occur naturally, as it is 
among the X-ray mutations. As the lethals differ from the 
others, after all, merely in being more detrimental, this result 
simply means that natural mutations are just apt to be very 
detrimental, i.e., lethal, as are X-ray mutations, thus confirm- 
ing what I have called the “accidental” character of the natural 
mutations. 


The descendants of the X-rayed flies have been bred through 
many subsequent generations. It is found that, where a gene 
was not caused to mutate in the first place, it will not show a 
subsequent tendency to mutate, without further treatment, i.e., 
there is no perceptible after-effect on the genes that escaped an 
immediate hit. On the other hand, those genes that were hit 
and mutated now breed true to their new type, which in the 
great majority of cases gives evidence of being as stable as the 
original type was before treatment. We now have in the labor- 
atory various mutant races of flies, derived from our earlier 
X-ray experiments, which have passed through something like 
fifty or more generations since the time the mutation took 
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place, and there has been no sign in them of any tendency to 
revert back to the originally normal condition. They have their 
own, new norm; they are real, new variants. The new forms 
are permanent, in so far as the word permanent may be applied 
legitimately to living things. And when crossed to other forms, 
the new differences obey the same laws of Mendelian and chro- 
mosomal inheritance as do the gene-differences existing between 
natural varieties. 


VII. THE NATURE AND SIGNIFICANCE OF 
THE GENETIC EFFECT OF RADIATION 


It might perhaps be contended in some quarters that while 
the artificial mutations may be similar in some respects to 
natural ones, and even identical with some natural ones, yet 
they may not be similar to those particular natural mutations 
which may be termed “progressive:” the mutant genes resulting 
from which survive, multiply and thus become a part of the 
heritage of an evolving species. Such claimants would hold 
that the X-ray action is necessarily destructive, causing only 
loss and injury, and that thus it can work only harm, or at 
least can cause no indefinite amount of progress in organization. 
Such a contention would rest upon a misconception of the ac- 
tion of the X-ray, for it can be shown that the speeding electron 
is capable of imparting energy to other atoms through which it 
goes, and that the resulting chemical changes may be of a 
synthetic character as well as otherwise. 


It is evident, as my wife has suggested, that if the change 
induced by X-ray from, say, a gene designated as large A, to a 
mutant gene of different composition, designated as small a, 
has really involved a destructive process or a loss, then the 
opposite change, from small a to large A, must, conversely, 
involve a constructive process or a gain. With this question in 
mind, Professor J. T. Patterson and I have been engaged in 
some extensive irradation experiments involving particular 
characters. The character which we have used most is the re- 
cessive mutant character termed “forked bristles” (f), as com- 
pared with the dominant normal straight bristles (F). The evi- 
dence is now positive and convincing that the X-rays not only 
induce the mutation of straight bristles to the recessive forked, 
but also the precisely opposite type of change: namely, forked 
bristles to the dominant straight, and abundant controls have 
shown that it is really the X-rays which are the inducing agent. 
Since giving this lecture, the author has received several very 
important articles by N. W. Timofeéf-Ressovsky, describing 
numerous cases of the production of mutations in opposite direc- 
tions by means of X-rays. Various different gene-loci were in- 
volved, and in the case of one locus (that of white eye) the 
mutations of, and to, various different allelomorphs, were ob- 
served. The mutations arising as a result of X-raying are, there- 
fore, not merely destructive changes, not merely losses. If some 
are losses, others, then, are gains. Doubtless, as in the case of 
most chemical reactions, most mutations too are changes involv- 
ing substitutions and rearrangements, not mere losses or gains. 


Not Mere Curiosities 


It should be mentioned that, in addition to the changes in in- 
dividual genes which X-rays bring about, they also cause— 
with considerable frequency, as Altenburg and I have shown— 
breakages of entire chromosomes or strings of genes, accom- 
panied by reattachments of the broken-off fragments to differ- 
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ent chromosomes or to the chromosome-remainder from which 
they were broken, at a different point from before. The te. 
arrangements of genes thus resulting can be analyzed by breed. 
ing tests, and at the same time checked up by studies of the 
chromosomes as seen through the microscope—an undertaking 
which Dr. Painter and I have been cooperatively engaged upon 
daring the past two years. There is evidence that such rear. 
rangements of chromosome parts, as well as mutations in in. 
dividual genes, have occurred repeatedly in natural evolution, 


The question may now be raised: to what extent can all these 
results be regarded as mere curiosities: effects confined to the 
mature sperm-cells of the fruit-fly, and of little significance 
elsewhere? In this connection, it may first be pointed out that 
my results in producing gene mutations in the fruit-fly were 
immediately confirmed by Weinstein, working at Columbia 
University, later by others (Hanson, Patterson, Harris, Oliver) 
at this laboratory, and more recently by Serebrovsky und his 
colleagues in Russia and by Dr. and Mrs. Timofeéf-Ressovsky 
in Berlin. In my own work, the treatments were not confined to 
sperm-cells, but were also applied to the female, and it was 
found that both the mature eggs and the immature female 
germ-cells (oogonia) were susceptible to the mutation effect, 
Harris has recently extended the finding to the immature germ. 
cells of the adult male. Paterson has found the early germ-cells 
of both male and female larvae are likewise susceptible and 
also the larval somatic cells. The latter finding, which has 
recently been announced also by Timofeéf-Ressovsky, opens up 
a whole realm of interesting possibilities in the production of 
mutant areas of the adult body, derived from cells of the treat- 
ed embryo—such effects as might result, for instance, in an 
individual with eyes of different colors, or with parts of the 
same eye different. Casteel has been making an anatomical 
analysis of these latter effects through microscopic sections of 
the eye. The production of mutations by X-rays is thus a gen- 
eral effect for Drosophila, producible in all kinds of cells in 
that organism. What, now, of the generality of the effect on 
other organisms? ; 


Results Amply Confirmed 


I need not, perhaps, remind the general reader of the fact 
that all the principles of heredity so far discovered in the fruit- 
fly—the favorite experimental object of many modern genet 
icists—have proved applicable to animals and plants in general. 
It is more to the point to mention that investigators elsewhere 4 
working on other organisms, have now reported results of the By 
same kind as those now in question. Thus, Stadler, at the ad 
University of Missouri, was independently attempting to in- 77 
duce gene-mutations in barley and corn by means of Xrays 
and radium at the same time that I was doing my first exper 93 
ments along these lines on flies, and he has found indubitable @ 
evidence of the production of gene-mutations in monocotyle- i 
donous plants by both these means. Following my work on flies, \ 
Whiting has obtained positive results by the use of X-rays 09 9 
wasps. Blakeslee, Buchholtz and the others of this group have © 
a mass of interesting mutation results from X-rays and radium @ 
applied to the Jimsonweed, Datura, that extend the findings = 
concerning lethal as well as visible mutations to dicotyledonous 
plants. With these so widely separated bits of the living worl ; 
sampled and all responding positively, it is a reckless critic WP 
still would doubt the probable generality of the phenomeno® 
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Radium rays, like X-rays, produce mutations, because they 
too, being short-wave-length high-frequency electromagnetic 
waves of great energy content, release high-speed electrons, and 
the cosmic rays, which are still more extreme in these same re- 
spects, and so release electrons of still higher speed, must neces- 
sarily act likewise. For, as Hanson has shown in experiments 
with radium, the number of mutations produced depends simp- 
ly on the number of electrons released and the speed and dis- 
tance they travel (i.e., on the total energy of ionization) re- 
gardless of the source of the electrons. Oliver, too, in experi- 
ments with X-rays in our laboratory, has obtained evidence 
that the number of mutations produced is directly proportional 
to the dosage of radiation used, and Stadler’s work points in 
the same direction. This being true, there being no evidence of 
a minimal or “threshold” dosage, we are forced to conclude 
that the minute amounts of natural radiation present almost 
everywhere in nature—some of it of terrestrial origin, derived 
from the radium and other radioactive substances in earth, 
water and air, and a smaller part of it of cosmic origin, appar- 
ently derived from the diffuse and distant factories of matter— 
all this natural radiation must be producing some mutations in 
the living things on the earth. These mutations must be very 
scattered and very infrequent in proportion to the total non- 
mutated population, just because the amount of natural short- 
wave-length radiation is very small at any one place, but, con- 
sidering the extent of the earth and the multiplicity .of living 
things, the total number of mutations so produced per year 
must be very considerable. It can, therefore, scarcely be denied 
that in this factor we have found at least one of the natural 
causes of mutation, and hence of evolution. 


To Find Other Factors 


And yet, despite the fact that radioactive processes are 
capable of causing the changes that lie at the basis of evolu- 
tion, and do undoubtedly cause some of them, it is probable 
that they themselves are responsible for only a minute fraction 
of the mutations that occur in nature, and that their value, 
for the theory of evolution, lies rather in their illustrating the 
general type of the phenomena to which mutations belong, and 
in providing us with all kinds of mutations in abundance for 
purposes of analysis. X-ray, cosmic rays, and the radiation 
from radioactive substances are not themselves the cause of the 
vast majority of natural mutations, if the calculations which 
L. M. Mott-Smith and I have recently made are correct, for 
these calculations indicate that the amount of such radiation 
in nature is far below what would be needed to produce the 
numbers of mutations which are observed to occur. There are 
probably, then, other factors, working in a similar way to 
X-rays, that are the actually operative causes. 

The attempt to find these other factors is proceeding. The 
natural phenomena most closely related to the radiation which 
we know to be effective are rays of the ultraviolet region of 
the spectrum (of wave length too short to affect our eyes). 
Though preliminary tests conducted by Altenburg have not 
demonstrated an effect of such rays, it is too early to be 
certain of a conclusion here, for a mixture of wave-lengths was 
tried, none of which, however, were of the extremely short 
type, and it might still be true that some particular wave- 
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lengths, especially the very short ones (more nearly like 
X-rays), would be found effective. It is to be recalled in this 
connection that Gurwitsh and other Russian investigators claim 
that rays of exactly this kind are produced in living matter— 
a kind of ultra-phosphorescence—stimulating cells to divide. 
If the random motions of the atoms and molecules of the 
cell, striking against one another, are capable, when “favorable 
hits” occur, of causing mutations, as we have supposed the 
X-ray “hits” to do, then raising the temperature should cause 
a rise in the mutation frequency, just as it causes a rise in the 
rate of other chemical reactions. Experiments by Altenburg 
and myself indicate that it does so; this work requires large 
numbers and is now being repeated. On the other hand, more 
specific chemical influences have so far failed. Returning to 
the investigation of the possible effectiveness of poisons and 
other influences than X-rays, I have, during the past two 
years, tried out a number of drastic treatments, using a re- 
fined genetic technique similar to that in the X-ray experiments, 
which would have allowed of the detection of lethals and other 
mutations with far greater ease, and therefore in greater 
abundance, than in the inconclusive experiments of the past. 
Included among the treatments were heavy doses of manganese 
and of lead salts, which had been claimed by J. W. H. Harri- 
son (on the basis of what appeared to me genetically uncon- 
vincing data) to produce visible mutations in butterflies. There 
was also included a repetition of the experiments reported by 
Morgan, who at one time suspected that he had been able to 
cause visible mutations in the germ-cells of red-eyed flies by 
injuring their eyes with a hot needle, an operation which was 
followed by a release of the optic pigment and its distribution 
throughout the body. But our trials of all these and of a num- 
ber of other chemical agencies have given negative results, 
and it is becoming evident that a mere derangement of cell 
functionings does not ordinarily cause mutations. 


Another method of studying the way in which mutations 
are produced is to investigate the possible effect of other 
conditions applied along with radiation. There is now evidence 
that some other conditions, internal and perhaps also external, 
accompanying an X-ray treatment, can affect the sensitivity 
of the cells to that treatment. Thus Stadler finds that the 
sprouting cells of seedlings have mutations produced in them 
in much greater abundance, by a given dose of X-rays, than 
do the dormant cells of seeds, though some mutations are 
produced in both. Yet in the case of flies both Hanson and 
Harris, working independently, find that the genes of growing 
immature male germ-cells are far less sensitive to the mutating 
effect of radium or X-rays than are the dormant genes in ma- 
ture spermatozoa. I find that the genes in the spermatozoa 
of the adult male are also more sensitive than those in the 
germ-cells of the female, or than those in the germ-cells of the 
larval male. It is probable that part of these apparent differ- 
ences are due to a relatively lower multiplication rate of most 
mutated immature germ-cells, as compared with the non-mu- 
tated ones. There seems to be even more difference in their 
sensitivity to the gene-rearranging effect of the rays than in 
their sensitivity to the transmuting effect on individual genes. 
The activity of metabolism, however, varied by starving, and 
by feeding and mating the female, had no perceptible in- 
fluence in my experiments, and, as both Stadler and I have 


found independently on barley and flies respectively, extremes 
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Question Box 


Answers by ALLAN Broms, unless otherwise credited 





NIAGARA VERSUS CHICAGO 


Q. In your “Story of Niagara” you 
claim the Falls are cutting upstream to- 
wards Lake Erie. When it cuts way 
through, will it not lower the Great 
Lakes and leave all the lake cities, that 
are now quarreling with Chicago over its 
drainage canal, high and dry?—J. P. C. 

A. Maybe, as far as lowering the out- 
let and therefore the surface of Lake 
Erie is concerned. This may cause a 
temporary waterfall or rapids in the De- 
troit River outlet of Lake Huron, but 
the stream would soon clear away the 
glacial moraine material which makes the 
barrier there. Lake Huron and Lake 
Michigan, would then also be lowered. 

The problem is complicated by a tilt- 
ing of the earth-crust now going on in 
the Great Lakes area. The northeastern 
portion is rising, a movement that has 
been in progress ever since the glacial 
ice sheet retired from this region, so re- 
lieving the pressure on the crust, most 
recently of course in the northeast. The 
north shore of Lake Ontario, for in- 
stance, is rising faster than the south 
shore, which is being slowly submerged. 

The Niagara lakes outlet is thus slowly 
rising in a sort of nip and tuck race with 
its erosional deepening. If the rising is 
faster than the deepening, the level of 
the Great Lakes above it will also rise, 
perhaps enough to flood Chicago (solv- 
ing the problem of its drainage canal) 
and drain southwest to the Illinois and 
Mississippi rivers as they did once before 
when the banking ice sheet to the north- 
east prevented eastward drainage. The 
race, therefore, is really between the Ni- 
agara and Chicago outlets, with the ulti- 
mate result uncertain. But whatever the 
fate of the lake cities, let it not effect 
your sense of real-estate values, for it is 
all far in the future and some human 
channel-deepening at Niagara or a few 


well placed stone embankments along 
the lake fronts could easily thwart this 
leisurely upheaval by Nature. 


THE “MISSING LINK” AGAIN 


Q. I have heard a lot about the 
“missing link.” What is it?—A. K. S. 


A. Objectors to evolution have per- 
sistently argued that there is some “miss- 
ing link” between man and his animal 
ancestors. The term has been loosely 
and variously used to mean either some 
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intermediate ape-man supposed to le 
lacking, or the presence or absence of 
some distinctive organ marking man 
apart from the apes. 

Before 1892, when the fossil remains 
of the Java ape-man, Pithecanthropus 
erectus, were found, the first objection 
had some point. But now we have not 
only this half-human fossil, but a whole 
connecting series, those above the Java 
type, such as the Peiping, Piltdown, 
Heidelberg, Neanderthal and Cro-Mag- 
non men, and below it the manlike ape 
of Taungs. Consequently, only the most 
ignorant now talk of such a missing link. 

But so-called “missing links” of the 
other sort pop up from time to time. 
Typical is the claim that “man has no 
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tail,” it being assumed that apes have 
tails, which happens to be untrue. All 
that apes have are some bony remnants 
of a tail, but if that gives them a tail, 
then man has it, too, for he has similar 
remnants. Also many attempts have been 
made to find something distinctive 
about the human brain. Back in 1863, 
Huxley had to prove that the “hippo. 
campus minor of the posterior cornu of 
the lateral ventricle,” a little hump with. 
in the inner cavity of the human brain, 
also existed in the apes, that being the 
“missing link” according to Fundament- 
alist objectors of his day. More recently, 
the ape has been credited with an extra 
fold in the back of his brain, called by 
the Germans the “Affenspalte” (ape: 
fissure) and said to be lacking in man, 
which made it at once in some way im- 
portant. But G. Elliot Smith showed 
that ic does occur in man, but usually 
only on the left side (associated with 
right-handedness) and that the brain 
casts of several early fossil men also 
show it, in the case of the Java ape-man 
on the right side, indicating that he was 
left-handed. The human brain really is 
somewhat more finely wrinkled than the 
ape’s, but this we would expect, the sig- 
nificant thing being that the general pat- 
tern of the brain folds is quite the same. 

The only real gap in man’s whole 
pedigree is that between the first fishes 
and their immediate ancestors who 
lacked a backbone. But even here we 
have good theories, the only trouble be- 
ing that we have two of them. However, 
the “missing link” objectors will find no 
comfort here, for that gap is too far 
back in our ancestry to save us from our 
obnoxiously close kinship with those ugly 
apes. The evidence of that kinship is 
much too overwhelming when we con- 
sider all we have in common in bodily 
structures, chemical functioning, embry- 
onic development and now those most de- 
cisive blood tests. Besides, the “missing 
link” is actually not missing. 





of heat or cold applied in treatment have little or no effect. 

Thus the study of the physiology of mutation-production 
is opening up, though as yet in a very empirical stage. And 
meanwhile, X-rays and their relatives remain the only p-ime 


cause of mutations yet known. 


Since, now, mutations in general bear all the earmarks of 
the X-ray mutations, then, even though most of them have 
not actually been produced by radiation, it seems legitimate 
to use the readily obtainable X-ray (radium, etc.) mutations 
ay the handle by which to study their.nature. These X-ray 


microscopic events, not individually controllable, that take place 
without reference to the outcome or the advantage for the 
organism. The natural mutations—the majority of which can 
be reinvoked by X-rays—are on the average equally as detri- 


mental, and of the same nature, so far as their effects are con- 


mutations are certainly accidental, being produced by ultra- 


cerned, as the X-ray mutations. Can we then escape the con- 
clusion that they are accidental in the same sense, and that 
specific mutations are therefore not dictated by any “adaptive 
reactions” or other specific responses of the organism to climate 
or to any other features of its mode of life? 


(To be concluded) 
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The Amateur Scientist 


A MontH ry FeaTuRE conducted by Attan Brooms 





NATURE’S HUMBLE PLOWMEN 


CCORDING to an official report, 


one great damage done by the 
Mississippi flood was drowning the earth- 
worms throughout the inundated area. 
This does not indicate a wave of official 
compassion for earthworm feelings, nor 
even concern over wholesale loss of good 
fishing bait, but merely that earthworms 
have come to be recognized as an eco- 
nomic necessity in that they act as Na- 
ture’s lowly plowmen who loosen, pulver- 
ize, moisten and otherwise transform our 
soils to greater fertility. 

Charles Darwin was first in realizing 
their soil-forming function and the vast- 
ness of their gardening operations. His 
studies extended over more than forty 
years, finally resulting in his book, “The 
Formation of Vegetable Mould Through 
the Action of Worms,” published in 
1881 shortly before his death and 
strangely enough, “best-seller” for his day. 

The most patient experiment of this 
most patient experimenter was on earth- 
worms, when he spread chalk over a field 
and then waited 29 years to dig and learn 
how deeply the layer had been buried. 
For his father-in-law, Josiah Wedgwood, 
had suggested that the sinking of stones 
into the soil might be due to the earth- 
worms bringing earth to the surface in 
the form of their castings. Darwin’s 
research proved this, that the worms, in 
their burrowings, ate earth for the organ- 
ic matter it contained, then deposited the 
excrement castings on the surface. 


He found an average of more than 
50,000 earthworms to the acre in the 
tillable soil of England (in America 
they are fewer), that some 18 tons of 
soil per acre passed through their bodies 
yearly to cover the surface at the rate 
of an inch thickness every five years, in 
the course of ages thus burying even 
large rocks, monuments and ancient 
buildings. A recent German estimate in 
Kosmos gives this earthworm horde five 
or six times the importance of the human 
race, if we measure them by relative bod- 
ily volumes. 


The earthworms are an ancient tribe, 
for we already find fossil burrows of 
their kindred in Cambrian rocks, some of 
them crescent in cross-section because 
their walls caved in when other worms 
pressed too close in their later burrow- 
ings. The tribe as a whole is distributed 
throughout the world, some attaining 
great size, such as those of Ceylon, a foot 


and a half long, and thick as a snake, 
But individual species (there being over 
a thousand) have more limited ranges. 

The earthworm’s habit of coming out 
of their flooded burrows after a rain has 
led the Germans to call them “rain- 
worms.” They also come out at night, 
returning at daybreak to escape their 
proverbial enemy, for the early bird 
catches the late worm. They can dis- 
tinguish between light and darkness, but 
the tail is light-sensitive as well as the 





head, and the worms are really blind, and 
also deaf. Sense of taste they have, for 
they are choosey of their food, and also 
a sense of touch that warns them of 
dangers that shake the ground. But 
they can do little to protect themselves 
beyond “Crawling into their holes and 
pulling the holes in after them” by plug, 
ging the openings with dirt. So they 
survive by sheer numbers and a. very re- 
tiring disposition. 
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THE BIOLOGICAL BASIS OF 
HUMAN NATURE. By H. S. Jen- 
nings. W. W. Norton & Co., N. Y. $4.00 








We are what heredity and environment 
make us. Heredity makes us deeply, environ- 
ment remakes us superficially. Old funda- 
mental biological truths these are, to which 
modern genetics has added vastly illuminating 
details on the mechanism, processes and limi- 
tations of both inheritance and variation. The 
whole subject is complex in its working de- 
tails, yet not too complex in its basic laws. 
Jennings reveals his own clearness of thought 
by the relative simplicity of his presentation. 
He has seized upon the basic laws, presented 
much vita! detail in developing them, and so 
succeeded in making a readable book that is 
sound'y scientific. He makes the genetic ap- 
proach, but reveals the interplay of mutually 
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limiting factors, and judges the conflicting 
theories that the specialists of eugenics, be- 
haviorism, etc., have overemphasized in their 
natrower viewpoints, In indicating the limita- 
tions of each factor, Jennings has given us a 
singularly whole view of what modern experi- 
mental biology tells of the making and re- 
making of our various human natures. 


FLIGHTS FROM CHAOS, By Har- 
low Shapley. McGraw-Hill Book Co., 
Ni, YS. $2:50' 


THE MYSTERIOUS UNIVERSE. 

Sir James Jeans, MacMillian Co., N. Y. 

$2.25 

Shapley and Jeans present a contrast which 
has become almost typical among physical 
scientists. Both write with delightful clearness 
in apt, popular phrases, and both have taken 
for their theme a survey of the Universe, with 
its unfolding mysteries, Both recognize that 
we find more mysteries as our vision of the 
Universe opens up, but what a contrast in 
attitude from mental chaos towards orderly 
scientific understanding as we awaken to the 
uniformities in the behavior of nature. Jeans 
sees but deeper mystery, finds faith in che 
involved mathematical metaphysics of the Ein- 
steinian and “multi-dimension- 
ists,’ takes seriously the new sort of ether 
composed of permeating mathematical form- 
ulas, and somehow, among the dimensions, 
finds a Creator who is essentially mathema- 
tician. Shapley remains matter of fact, cata- 
logs the material “systems” from atom to 
Universe, but fills his catalog with hints of 
coming knowledge, an unfolding vision of the 
vast galactic systems making up the incompre- 
hensibly immense Universe, from time to 
time puts the upstart, Man, in his place, and 
altogether makes his catalog an absorbing de- 
light. Best of all, he holds true to the well 
tested scientific method, indulges no metaphy- 
sical assumptions, mathematical or otherwise, 


“relativists”” 


but goes on ever confident that careful obser- 
vation and experiment will yield their secrets 
of order in this, our Universe of seeming 
chaos. The contrast between these authors is 
one between the patient, plodding scientist 
who checks his brilliant imagination by labori- 
ous tests, and the impatient metaphysician 
who trusts all to the treacherous logic of the 
human mind, 


MATERIALISM AND VITALISM 
IN BIOLOGY, By Sir Peter Mitchell. 
Clarendon Press, Oxford. $.70 in paper. 
SPIRAZINES. By Carl F. Krafft, Pub- 
lished by Author. 2510 “Q” St., N. W., 
Washington, D. C. $.50 in cloth. 


These two thin volumes discuss the nature 
of life from the mechanist standpoint, the 
one being a summary by an eminent British 
authority of our progress in understanding 
what life must be, with something of recent 
achievements. The other presents a new phy- 
isco-chemical theory by an American special- 
ist in organic chemistry. The first is popu- 
larly presented, the second technical, The one 
tells tales of organic compounds and seem- 
ingly living stuff made in the laboratory, 
while the other thrills as a plausible scienti- 
fic guess at the inner working structure of the 
stuff of life. 
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EVOLUTION 


Fundamentalist Follies 


In this Monthly Feature Eowin TENNEY Brewster 


will refute all fundamentalist objections to evolution. 


THE ORDER OF CREATION 
T* words of my text are to be found 


almost anywhere in Fundamentalist 
writings—for example, in the Bible 
Champion, July, 1929, page 30. 

“The fact-of the matter is, the evolu- 
tionists first arranged the fossils accord- 
ing to the evolution theory, and now 
they turn about and claim that their ar- 
bitrarily classified series proves evolution 
—a clear case of arguing in a circle.” 

Interesting! Important! If true! 

The fact of the matter really is that 
the entire scheme of geologic ages, the 
order, that is to say, in which fossil crea- 
tures occur in the rocks, was not discov- 
ered by “evolutionists” at all. The men 
who did it believed, one and all, in spe- 
cial creation. The main part of the job 
was all finished off and done with dur- 
ing the first half of the nineteenth cen- 
tury. Evolution does not appear on the 
scientific map until the second half. 

Cuvier began it, and “Strata” Smith. 
But Cuvier was the great apostle of 
“Multiple Creation,” whose opinion and 
arguments discredited the dawning evo- 
lutionism of his day. Smith was a Fun- 
damentalist, who did not even agree with 
the evolutionary geology of Lyell and 
never heard of Darwin at all. 

Then came Sedgwick, Buckland. 
Hugh Miller, and the rest of that group, 
with Agassiz. Not one man in the entire 
lot accepted evolution. Buckland and 
Miller died before The Origin of Species 
appeared; Sedgwick, though he had 
taught Darwin geology, wrote against 
him savagely and never accepted any of 
his views. Agassiz, “last of the Crea- 
tionists” wrote against evolution almost 
the last thing he ever did. 

Even Lyell, the outstanding advocate of 
evolutionary geology, did not accept the 
evolution of animals and plants until his 
epoch-making Principles of Geology had 
gone through nine of its eleven editions. 
So even Lyell, for most of his life, was 
not an evolutionist. 

But all these men, creationists every 
one, held to our present-day ideas as to 
the order of succession of types of life 
on earth—to precisely that order, in 
short, that is now the most effective of 
all evidences for organic evolution. Of 
course they held to it: they were the peo- 

«ple who worked it out. 

In short, this oft-repeated statement 
that evolutionists arranged the order of 
events in geologic time is simply one 


whacking Fundamentalist Fib. In this, 
present-day evolutionists have simply 
taken what pre-Darwinian creationists 
have given them, adding only corrobora- 
tion and detail. 


A publication that does this sort of 
thing right along, and evidently deliber- 
ately, ought to rechristen itself. Bible 
Champion indeed! Champion something 
all right! But what? 


EVOLUTION AND THE 
MURDER RATE 


“In England, a Bible land,” writes Re- 
vivalist Biederwolf in the most Funda- 
mentalist of monthlies, the Bible Cham- 
pion (Aug., 1929, p. 410) “there is only 
one murder to every 178,000 inhabitants. 
In Holland, a Bible country, there is 
only one murder to every 100,000 of the 
inhabitants. In Spain, where there is no 
Bible, there is one murder for every 4,113 
inhabitants.” The Reverend Dr. Bieder- 
wolf—as is the way with Fundamentalists 
and their facts—gives no authority for 
figures, but they seem correct thus far. 


To put the same information in the 
more usual form for all statistics, in 
England, on the average, out of every 
hundred thousand persons, slightly more 
than half of one person gets murdered 
every year and in Holland just one flat, 
while in Spain the homicide rate is 24 per 
100,000. 


But alas for Dr. Biederwolf’s reason- 
ing—he stopped his figures much too 
soon! There may be no Bible in Spain 
in spite of unnumbered churches and 
priests; but Tennessee, U. S. A., is so 
much a Bible land that it was the first 
community in the entire world to pass 
laws against “unbiblical” Evolution—and 
Memphis, Tennessee, where sat the very 
first legislature that passed a “monkey- 
bill,” according to the official statistics 
of the Prudential Insurance Company for 
1928, 135 William Street, New York 
City; released for publication, March 
14, 1929, has a murder rate of 60.5! So 
the metropolis of Fundamentalism and 
Anti-evolution actually is more than twice 
as murderous as Bibleless Spain, sixty 
times more wicked than Bible-criticising 
Holland, and 107 times more addicted to 
smashing the chief of the Ten Command- 
ments than the land of Darwin, Huxley, 
and Spencer, where modern Evolution 
was born! 

Moreover, the ten most criminal cities 
of the United States, with an average 
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murder rate of 38.6 per 100,000, or half 
as much again as Bibleless Spain, all are 
in the Bible Belt! Even Chicago scores 
only 15.8, while New York, with its 6.7, 
is getting well down to a tenth of the 
murder rate of Bible-reading Memphis. 


As for the great manufacturing cities 
of New England, where half the popula. 
tion is Roman Catholic and the rest 
splits berween infidel and “modernist”, 
where all educated persons for two gen- 
erations have taken the ancestral monkey 
as a matter of course, these run about 
two annual murders per hundred thous. 
sand persons. Cambridge, the seat of 
Harvard University, where Evolution 


first entered the United States, scores 


1.6; the Yale district, where they have 
lately opened a new museum devoted to 
proofs for Evolution, is down to 1.1. 
Several of these big cities do not appear 
in the Prudential statistics at all, because 
they had no murders in 1928. All these 
“teach evolution in the public schools” 
along with the multiplication table. But 
Memphis, where they do not teach Evolu- 
tion, had that same year 115 murders, 
and Birmingham, Alabama, 122. 


In short, the oft-repeated formula of 
the Anti-evolutionist, “Tell a man that 
he is the offspring of a brute and he will 
behave like one,” works out actually— 
but just backwards. It is precisely the 
persons who think they were monkeys 
once who take special pains nof to act 
like monkeys now. England, Holland, 
France, Germany, and the non-Funda- 
mentalist parts of the United States aver- 
age about one murder to the hundred 
thousand inhabitants, and below one per 
cent illiteracy. Bur in Fundamentalist 
districts, where “monkey-bills” just miss 
passing or go through with a rush, illiter- 
acy runs 10 and 20 per cent; even some 
preachers—Anti-evolutionists to a man— 
cannot read or write; and the murder 
rate, highest anywhere on earth, is four, 
five and six times-that average for even 
these murderous United States! 


“By their fruits ye shall know them.” 


Who He Was 


A least a dozen EVOLUTION’ 


readers have informed us regarding 
the “Dr. Etheridge of the British Muse- 
um” who is constantly quoted by funda- 
mentalists as a renowned world authority 
and about whom we asked in our last 
issue. 


He was an assistant in the Geology 
Department of the British Museum from 
1881 ot 1891, forty vears ago, and died 
in Australia at the age of 84 in 1903. 
Truly, it must be tough to have to go 


back thar far to find a backer. 
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Funnymentals 


“The man who teaches evolution is a plain 
perjurer, no matter whether he occupies a 
chair in the university or is just an ordinary 
intellectual tramp.” Rev. Dr. Mark A. 
Mathews, First Presbyterian Church, Seattle, 
quoted by Seattle Times. 


“We believe that the Genesis record of a 
liceral creation in six twenty-four-hour days is 
an inspired record of a historical fact. We 
deplore the present tendency to interpret the 
past history of the earth in terms of Jong 
geological ages, for we maintain that che 
theory of evolution rests on unproved hypo- 
thesis, whereas the facts of science support not 
only the great fundamental doctrine of crea- 
tionism but also the idea of the destruction 
of the world by the flood as portrayed in the 
Bible. 

“We afhirm chat the variations occurring in 
plants and animals do not indicate evolution- 
ary progress, but are clearly interpreted in che 
light of conditions prevailing since the flood, 
and we utterly repudiate the implication rhat 
man originated from any lower form of life.” 
Resolution adopted by World Conference of 
Seventh Day Adventists (299,555 members) 
San Francisco, July, 1930. 


“The time has come when bishops who be- 
lieve the tommyrot of evolution and allow it 
to spread under their jurisdiction ought to be 
compelled to resign their office. Missionaries 
who teach it ought to be called home. 
Preachers who preach ic ought to be made to 
vacate their pulpits. Professors who teach 
it in our Christian schools and colleges ought 
While 
editors who proclaim it through their papers 
ought to be silenced and their pens dried 
up. ° s 

“There will never be another genuine re- 
vival of religion in this world until the Chris- 


to be driven from the institutions, 


tian church repudiates the most subtle and 
monstrous lie chat the devil has ever chrown in 
the face of the Son of God, and until it drives 
the whole diabolic spawn of evolution into the 
nethermost depths of hell where it belongs, 
when finally the Angel of the Apocalypse puts 
the lid upon the pit and bottles up the whole 
pestiferous tribe, there to await the final 
judgment of an insulted God.’ From “The 
Devil Unmasked,” pamphlet published by San 
Antonio Bible Institute. 


“Some may say, why not ignore evolution 
and let it die of neglect? This scheme might 
apply to a fierce dog, bur evolution is far 
from a fierce dog character. It is more like a 
itealthy hyena in its habits.” C. H. Buchanan, 
D.D., in Jan. 1930 Bible Champion. 


“If we make a reasonable allowance for the 
work of the Deluge, or the Flood, we shall 
not have enough fossils iefe over, unexplained 
and unaccounted for, to make much of a 
showing toward a long age previously.” George 
McCready Price in July, 1929, Bible Cham- 


Pion, 
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Evotution does not deal with bibli- 
cal interpretation. However, to give 


our readers an idea of questions agitat- 
ing the fundamentalist world we reprint 
this from the December 1930 “Chris- 


tian Fundamentalist,” 








Three Views of Creation 
By DUDLEY JOSEPH WHITNEY 


There are among Bible believers three dis- 
tinct views regarding the events of creation 
week. The first view is that taken by Doctor 
Riley: that the earth is ages old and that 
these ages correspond with the outline of crea. 
tion as given in Genesis I so excellently that 
one is compelled to believe that these ages 
were the “days” of creation. 


The second view was that taken by Mr, 
Rimmer: that the ages may have occurred and 
doubtless did occur, but that che earth under- 
went a complete ruin, then a reconstruction in 
literal days. An Italian scholar, G. Bartoti, 
has essentially the same view, only believes the 
earth before its ruin was a product of direct 
instant creation, rather than a development of 
long ages. 

There is, however, a view distinct from 
both of these which has at the present cre 
what seems stronger backing in science than 
either of the other theories, namely, that 
the stratified rocks and the fossils therein are 
the result of the Deluge and were not de- 
posited during geological ages, or i a pre- 
Adamiz ruin. This is the view so ably de- 
veloped by George McCready Price, and ac- 
cepted by many others who have made a care- 
ful study of the subject. 

In the very nature of the case the days of 
creation according to this theory would not 
be geological ages, for no sign of such ages 
would be found in the rocks and, as a natural 
consequence, literal day creation would be 
believed. 

The correct method of solving the problem 
would seem to be to sce how well each of the 
three views of earth history harmonized with 
the Bible; then to see, too, how well they har- 
monized with true science—and true science 
does not mean the fanciful views commonly 
put forth by many men of standing as 
science, 

Forty years ago and even less, striking har- 
mony seemed to appear between historical 
geology as accepted by scholars and the first 
chapter of Genesis. This seemed to make be- 
lief in geological age “days” unavoidable. 
The view was that the primordial earth was 
very hot; the water now in the oceans was 
part of the atmosphere on account of heat; 
thus “the earth would be waste and void, 
and darkness would cover the face of the 
deep.” A cooling would partially clear the 
atmosphere and ler light penctrate, also the 
oceans to form; then would come a sequence 
of events, or of living things, as described in 
Genesis. 

However, times have changed, knowledge 
has increased, and the apparent harmony be- 
tween Genesis and what Prof. Price calls 
“evolutionary geology” has largely disappeared. 
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To begin with geologists no longer assert 
that the earth was a molten hot globe chat 
gradually cooled, thus developing the history 
suggested in Genesis. They simply cannot 
tell che earty conditions of the earth, though 
many believe that the earth started small and 
cool and grew to its present size and condition. 


Again, Genesis asserts the covering of the 
earth with vegetation the third day and the 
creation of water living creatures, and of 
birds and “creeping things” on the fifth day. 
This would make one full day between the 
creation of vegetation and the creation of those 
animals lower than the beasts. Geology, how- 
ever, has shell fish, and non-vertebrates of all 
leading types, filling the seas long before any 
signs of land vegetation appeared. Here, then, 
is a serious discrepancy between Genesis and 
geological ages. There are also othe: discrey:- 
ancies. The apparent harmony between Gene- 
sis and standard theories of earth history is 
very general and indefinite. They agree in 
the progress from simple earth and simple 
living things up to the higher forms, but any 
real identification of definite ‘‘days” of creation 
with definite geological ages is virtually im- 
possible. 

Prof. Price and others who have adopted his 
views of earth history have completely dis- 
credited the doctrine of geological ages with 
every careful, honest student of geology and 
surely one should not wish to harmonize Gene- 
sis with bad science! 

Let every person interested read carefully 
the Deluge account: see that awful rains 
and floods occurred for forty days, that the 
Ark was afloat for months after that and 
that it grounded on what is now some of the 
highest land in western Asia and that a full 
year and more from the start of the disturb. 
ance passed before the occupants of the Ark 
could issue forth on the Jand. 

The obvious thing to decide is that the ruin 
we see was the ruin brought about by the 
Deluge. That is very simple and very na- 
tural; it clears the who:e problem up, not 
only in theory, but in practical science. There 
is therefore no occasion whatever for trying 
to account for the fossils by any pre-Adamic 
ruin and actual science, too, is contrary to the 
doctrine of geological ages. If the rocks came 
through the Deluge and not through geologi- 
cal ages, literal day creation is the most rea- 
sonable kind of creation to accept. 

The thing to believe about creation, as 
indicated both by the Scriptures and by true 
science, is the divine creation of an ideal earth 
(evidently in literal days) and the ruin of that 
earth by the Deluge. Upon the ruins of that 
earth we now live. There is no occasion to be- 
lieve in geological age “days,” and the evi- 
dence is against them. 





THE GREAT EVOLUTION DEBATIE 

Between Prof. Joseph McCabe and 
Rev. W. B. Riley, which Riley would not 
publish in his fundamentalist magazine, 
appeared in full in three issues of Evo- 
LUTION. Postpaid, 25c.; ten or more 15c. 
each. Sells like hot cakes at meetings. 
We'll mail the three numbers containing 
this debate to any list of names for 15c. 
a set. Fire a Broadside at your friends. 
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yon Can You Answer 
These Questions? 
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See Page 
L How Many Corpuscles Have 


You? 
aie How Many Atoms In A Star? 


Are Cockroaches Increasing? 

When Did Insects First Appear? 

Is The Human Race “Old” 

What Is The “Blood Test’’? 

How Is The Age Of The World 
Measured? 

Where Is The 13,500 Year Clay 
Calendar? 

What Causes Evolution? 


Do We Know All About It? 
What’s The Missing Link? 


What Does The Murder Rate 
Show? 


Of What Use Are Worms? 


HOOTS! — SANDY, WEE LADDIE, THE EVOLUTIONISTS Will Niagara Kun Dry? 
CANNA MAKE MONKEYS OUTER WE 
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DON’T YOU THINK IT WOULD BE A GOOD IDEA 


to send a sample of Evolution to every biology teacher in the United States? We have found these 
teachers our best “prospects.” They are most directly threatened by anti-evolution laws, they all real- 
ize how ridiculous such laws are; they feel the need for popular education on the subject; they want 
to be well “posted” and are able to appreciate the unusual authenticity, accuracy and lucidity of Evo- 
lution. 


IT HAS ALREADY BEEN TRIED IN NEW YORK 


with remarkable success. Scores of High School Biology teachers are subscribers. Some take over a 
100 copies and sell them to students. Most scientific journals are too “high-brow” and most popular 
magazines make “sensations” out of the subject, which is still worse. Evolution, being both accurate 
and easy to read, fills the bill for teacher and student alike. If we can send a sample to each of the 


22,000 HIGH SCHOOLS IN THE UNITED STATES 


thousands of the biology teachers will subscribe and many will also order bundles of Evolution for 
their students as New York teachers are already doing. It costs about a nickel to send a letter with 
sample, so to fire the entire broadside will require 


ELEVEN HUNDRED DOLLARS 


Let us make this investment in popular education this month. 


Evolution #1100. ro send samples to aris pet shoal Hivlogy ponerse 
$44 ast 16 Street, New York, N. Y¥ % 50G. to send samples to 10,000 High Schoo iology ‘Teachers 
cia i Mecne aaitin ¥* LOW. tro send inate to 2,000 High School Biology ‘leachers 

* S50. ro send samples to 1,000 High School Biology ‘leachers 

r % 25. to send samples to 500 High School Biology ‘cachers 
EL COUCIDUEE Bis ose Oaeaec $ 10. to send samples to 200 High School Biology ‘Teachers 
$ 5. to send samples to 100 High School Biology eachers 


PRESSE ae dues ta a omg dO meee pike ee Kae eee Peon eho EE OT ESS siay cers een so ete ene eMene Cement ais sae ede She Doosan tan ketats 
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Scientific Advisory Board 


Henry E. Crampton 
Martin Dewey 
Wwe. Kina Grecory 
Paut B. Mann 


Evisu THomson 


fA eetiows starF of Contributing Editors is strength- 

ened through two additional science writers: Dr. Pauline 
H. Dederer is Professor of Zoology at Connecticut College 
for Women and knows how to make Natural Science interest- 
ing to beginners. Dr. Carroll Lane Fenton has taught at the 
Universities of Cincinnati and Buffalo, has done field work in 
Paleontology since 1908, is the cuthor of 25 of the Little Blue 
Books and of “Studies of Evolution in the Genus Spirifer,” 
just published. 


RIENDS OF SCIENCE TEACHING should not be mis- 


led because at the moment Fundamentalism isn’t making 
much public noise. It is very active with a preparatory cam- 
paign of “education.” Hardly an issue of the numerous fun- 
damentalist journals appears without articles attacking the 
teaching of evolution, purporting to disprove evolution on 
scientific grounds or arousing the passions of readers by blam- 
ing evolution for crime waves, wars, “flaming youth,” “degen- 
eracy of civilization,” etc. Of course, parents believing this 
nonsense become convinced that the eternal welfare of their 
children is involved. 

The avowed purpose of fundamentalists is to force the 
people to vote on this question in every State that has the 
Initiative Law, and finally to control the nation. By popular 
vote they could probably carry most of the States. If you wait 
until they have put the question on the ballot, it is already too 
late. Then passion and prejudice will not even hear the voice 
of reason. The time to meet the situation is NOW. 

And the way to meet it is Popular Education in Natural 
Science. It is possible to give the people at least enough under- 
standing so that they will realize how foolish it is to. try to 
settle such questions by majority vote at the ballot box. YOUR 
help, the help of every friend of science teaching, is needed in 
this great work. 


(ye TO EVOLUTION teaching is not con- 

fined to “backwoods,” as some professors secure in the 
serenity of their scholastic halls, seem to think. Because the 
fact of evolution is taken for granted in all University circles 
is no sign that it is accepted everywhere. 


Right in Boston, in the very shadow of Harvard, the influ- 
ence of superstitious bigotry is so strong in the school adminis- 
tration that biology teachers in the Boston High Schools are 
not free to explain evolution to their students. In thousands 
of school districts all over the country the boards are so re- 
actionary that, for the sake of their positions, teachers leave the 
subject of evolution alone. 
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THE GREATEST SCIENCE GATHERING 


The American Association for the Advancement of Science, 
with fifteen sections and twenty-five scientific societies, will 
meet in Pasadena, Cal., from June 15 to 20. 

Although most of this country’s leading scientists are among 
the 19,000 members of this Association it also invites to mem- 
bership all laymen interested in science, and many of the con- 
vention sessions are open to the public. Readers of Evolution 
will certainly find them interesting. 

Registration is at Throop Hall. Fee $2. for non-members. 

Reception, 2 P. M. Monday, June 15, at Huntington Li- 
brary and Art Gallery. Five evenings, Public Lectures at the 
Greek Theatre in Griffith Park. The day-time scientific sessions 
are at the California Institute of Technology. There will be 
a series of symposiums, the first on “The Antiquity of Man.” 

Dr. Franz Boas of Columbia University, President of the 
American Association for the Advancement of Science, and 
Dr. Thomas Hunt Morgan of the California Institute of 
Technology, the Retiring President, will both be present. 

More detailed announcements may be secured by addressing 
Harry H. Main, Los Angeles Chamber of Commerce. 


RE-INFORCEMENTS WELCOME 


The irregular appearance of Evotution the last year tells 
you more eloquently than anything we could write what our 
situation is. We have over 5,000 paid subscribers. But to 
“break ever”? we must have at least 10,000. In the meantime 
we must raise extra funds to publish and make the necessary 
educational campaigns. Nowadays this is somewhat difficult. 
If you can send re-inforcements, do so now, specifying whether 
for Founders Fund or for Library Subscriptions. 


HUXLEY ON EDUCATION 


“That man, I think, has had a liberal education, who has 
been so trained in youth that his body is the ready servant of 
his will, and does with ease and pleasure all the work that, as 
a mechanism, it is capable of; whose intellect is a clear, cold, 
logic engine with all parts at equal strength, and in smooth 
working order; ready, like a steam engine, to be turned to any 
kind of work, and spin the gossamers as well as forge the an- 
chors of the mind; whose mind is stored with a knowledge of 
the great and fundamental truths of Nature and of the laws of 
her operaticns; and who, no stunted ascetic, is full of life and 
fire, but whose passions are trained to come to heel by a vigor- 
ous will, the servant of a tender conscience; who has learned to 
love all beauty, whether of Nature or of art, to hate all vileness, 
and to respect others as himself.” 


———————————————————————————————————— 
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In the Land of the Gorilla 


By WILLIAM KING GREGORY 


Professor of Vertebrate Paleontology, Columbia University; Curator of Dept of Comparative 
Anatomy, American Museum of Natural History 


HE African Anatomical Expedition of Columbia Uni- 

versity and the American Museum of Natural History was 
initiated by Dr. Dudley J. Morton, Associate Professor of 
Anatomy in the College of Physicians and Surgeons. 


For some time past Professor Osborn and the writer had 
been engaged in a lively but always friendly scientific debate 
bearing on the relative nearness or remoteness of man’s rela- 
tionships to the existing anthropoid ape stock. Professor Mor- 
ton, Professor McGregor and others also had taken part in 
the discussion, bur all recognized the need for more compre- 
hensive comparative studies on the anatomy of the anthro- 
poid apes, especially of fully adult gorillas. Hundreds of 
gorilla skulls and skins have been described by specialists, but 
there is an almost complete dearth of well preserved adult 
specimens in the anatomical laboratories of the world. 


An expedition to secure this material would give to several 
specialists whose interest centered more or less upon the grand 
problem of man’s origin, an exceptional opportunity to study 
living anthropoid apes in their natural environment, and to 
bring back to their laboratories and classrooms something of 
the teeming pageant of Africa. 


The leader of the expédition was Henry C. Raven, Asso- 
ciate Curator of the Department of Comparative Anatomy 
in the American Museum of Natural History and Lecturer 
in Zoology in Columbia University. Mr. Raven is well known 
in museum circles for his previous zoological expeditions in 
Borneo, Celebes, Australia, Greenland and Africa. 


Professor J. H. McGregor, of the Department of Zoology, 
who may be called the senior naturalist of the expedition, is 
well known for his carefully 
considered reconstructions of 
the external appearance of the 
extinct races of man. 

Associate Professor E. T, 
Engle of the Department of 
Anatomy, College of Physicians 
and Surgeons, is an authority 





on the anatomy and physiology 
of the mammalian reproductive 
system. 

The present writer, besides 
sharing in the interests of his 
colleagues, is especially con- 
cerned with problems relating 
to the earlier history of the 
anthropoids: How are they re- 
lated to the fossil anthropoids 
whose jaws and teeth have been 
found in various parts of 
Europe, Asia and Africa? How 
did they first get into Africa? 

This expedition, which left 
New York in May, 1929, is 





Courtesy American Museum of Natural History 
One of two gorillas, captured in the Kivu, photographed 
where he fell, after brush and vines had been cleared away. 
Lefc, Dr. McGregor; right, Mr. Raven; standing, Dr. Gregory. 
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only now completing its field work. Its launching encountered 
serious initial difficulties. Owing to the praiseworthy policy of 
the Belgian government to protect their gorillas, our expedi- 
tion only after the greatest efforts received permits to kill two 
adult mountain gorillas in some region outside the Parc Na- 
tional Albert. 


We decided to search for our gorillas in the mountains south- 
west of Lake Kivu. If the hunter can get near enough it is 
comparatively easy to kill a gorilla, even in the almost impene- 
trable thickets in which they are often found. A dead gorilla 
can easily be skinned with the help of natives and his dis- 
membered carcass can be carried back to camp on poles or on 
the heads of porters. But we were not after gorilla skins or 
skeletons; we wanted only the complete animal. Thus it eventu- 
ally proved necessary to carry a dead gorilla weighing about 
four hundred pounds down a very steep, rough mountain side 
through many miles of tangled jungle. This was successfully 
done by Mr. Raven and his porters after he had stopped a 
charge by an infuriated male gorilla within fifteen feet of his 
rifle. Raven found, in fact, that this gorilla resented being fol- 
lowed and did not hesitate to rush at the intruder, who fortu- 
nately for himself was quick and sure with his rifle. He was 
thus able to shoot the animal through the head, which was the 
only way of avoiding injury to the main blood-vessels of the 
body. i 
At the base camp, after tying off the arteries of the head, 
Raven was able to inject the rest of the body with preservative 
fluid. This fluid, contained in a metal tank fastened on top of a 
stout pole, came down a long rubber tube and was forced by 
gravity into the great artery on 
the inner side of the thigh, 
whence it quickly penetrated to 
all parts of the body. The head 
was then separately injected 
through the carotid artery. This 
well preserved specimen was 
subsequently shipped to New 
York and is still in fine condi- 
tion. Its anatomy is now be- 
ing studied by several specialists. 


The second gorilla, also a 
male, was secured by Raven 
near our camp in the same gen- 
eral region (southwest of Lake 
Kivu). 
four hundred pounds and was 
eight feet, six inches across the 
tips of its outstretched hands. 
Its digestive tract contained 
many bucketsful of green vege- 
table matter, as the gorilla is 
The 


vermiform appendix was very 


It also weighed about 


exclusively a vegetarian. 
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human looking. Carefully prepared molds of the head and 
bust, hands and feet of this animal were made by Professor 
McGregor in tne field, while its finger and toe prints were 
recorded by Professor Engle and the writer. 


While in this mountain-forest region the members of the 
expedition made many excursions into the jungle and forest 
in the endeavor to get near enough to see the gorillas. Native 
paths traverse the forest in various directions but the gorillas 
in this neighborhood are as a rule exceedingly wary and diff- 
cult to approach. Nevertheless the members of the party 
enjoyed a number of opportunities of seeing them, although 
the photographic conditions proved very unsatisfactory. Late 
one afternoon, for example, we saw and heard them making 
their beds for the night. Some made a rough oval depression 
in the thicket on the ground. Others, including one or more 
adults, slowly climbed the tangle of vines and branches and 
settled down in the large “nests” in the trees. The next morn- 
ing our efforts to secure motion or still pictures of the same 
party of gorillas were defeated by their persistent hiding in 
the near-by thicket, although we could catch glimpses of one 
of them beating its chest. 


After a short side trip into the forest north of Stanleyville, 
in the heart of the Belgian Congo, the expedition proceeded 
down the river and by steamer up the west coast to Douala in 
French Cameroon, thence inland into the rough, hilly country. 


In this region the gorillas live in small bands, roaming at 
will wherever the forests have not yet been destroyed and some- 
times invading abandoned banana fields. As we did not ap- 
prove of organized drives, which have often resulted in the 
slaughter of a number of gorillas by the natives, Mr. Raven 
preferred to rely solely upon his own efforts supplemented by 
those of a few native hunters, who wandered with him in the 
forest in search of the elusive gorillas. His task again proved 
very difficult, partly on account of the wandering habits of 
gorillas and the difficulty of locating them in hundreds of miles 
of forest, partly because it was necessary to get close enough to 
shoot the animal through the head, for reasons already ex- 
plained. In the dry season the animals heard the crackling 
of leaves long before the hunter could get near and when they 
started off they left no visible track on account of the padded 
surface of their soles. In the wet season the country is inun- 
dated with an enormous rainfall, which changes the streams 


Hunting the Gorilla 


By HENRY C. RAVEN 


Associate Curator, Comparative and Human Anatomy, American Museum 


, SOON as it was dawn we were up and shortly afterward 

set out to hunt. Four Batwa pygmies, professional hunters, 
accompanied me. It was delightful to go into the forest with 
these little people, who understood the forest, whose home it 
was. We first climbed up the moutain through a mass of cold, 
wet bracken, then descended into a ravine through virgin for- 
est so dark that it seemed like twilight. After about a half- 
hour of walking, very difficult on account of the steep and 
slippery ground, we came upon gorilla tracks and saw the re- 
mains of chewed-up stems. About an hour from the time we 
began to follow the trail we were passing diagonally down a 
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into torrents and makes traveling very difficult. Thus it hap. . @ 
pened that a collector of long experience and exceptional ability = 
was baffled month after month in his unceasing efforts to ac. 


complish the objects of the expedition. In the end, however,“ oi 
his patience and skill won through and the anatomists of ae is oS 
world will be indebted to him for one of the rarest prizes that : : ; 
could come into the laboratories, the well preserved bodies of np 
several full-grown gorillas. ey Fy 

That these gorillas may have found their way into the Congo re | [fe 


forest from the northeast is suggested by the following facts: 

first, the jaws and teeth of fossil anthropoid apes have heen’ 
found in Spain, France, Austria, Egypt, India, in formations Es 
of late Tertiary age; secondly, some of these fossil types (of | 
species named Dryopithecus fontani and Dryopithecus rhene | 
anus) show certain significant resemblances on the one hand to 

the teeth of the gorilla and on the other to those of the chime 

panzee; thirdly, many other modern African mammals appeat § 
to be descended from, or closely related to, extinct species 

known from fossil bones found in Tertiary deposits of southern, 

Europe may be found today in Africa; fourthly, it is known 
from fossil remains that in Miocene times various mammalg 
apparently of European or Asiatic derivation lived in Baste 
Africa. But although the African anthropoid ‘apes, along with 
other mammals, seem to have been derived from Europe 64 
Asia, we do not know why the lowland or West African go 
are now found only on opposite sides of the Congo for 
or why there is today a long stretch of forest territory betwe 
them which is occupied by the chimpanzees but not by go 
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In conclusion, it is much too early to summarize the tiltl 
mate scientific results of the expedition. The material which I) 
now available is being studied in connection with a genefal 


Later, from all the available data we shall attempt to con 
a revised and fairly compact account of the chief resemblat 
and differences between the gorilla and other primates, inclug 
ing man. It may reasonably be hoped that this analysis” 
contribute somewhat to a more precise evaluation of conh 
theories as to the time when, and the place where, and peti 
some of the reasons why, man’s ancestors became recogn 
different from their anthropoid cousins; but as in the 
many another scientific inquiry, the unforseen results 
as likely to prove to be the most important. 


steep slope toward a tiny stream. Across the ravine Seay, 
seventy yards away, we saw the vegetation move an GAs 
glimpses of an animal between the branches. Then | 
have been seen or heard, for there was a sudden sae s 
We followed across the stream and up the steep E05 
ing with difficulty where the gorillas could pass a i 
was much more difficult for me, with shoes, ato 
footed, strong-toed, unclad natives, and still ean, per 
with powerful bodies, short legs, and long armt. Siam 
legs are suited to the erect posture and not wt 
going through underbrush, where he must often. nF 
We were now getting close to the gorillas; wi 
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was not a large troop, perhaps only three or four, but there 
was one big male among them, as we knew from the tremen- 
dous power in the bark he had given. The pygmies were nerv- 
ous, saying that he would rush at us. We had gone less than 
three hundred yards from the stream and were still going 
through dense underbrush when suddenly the rush material- 
ized with a terrific roar and shriek. The pygmy that was 
crouched down ahead of me, cutting the vegetation, sprang 








Courtesy American Museum of Natural History 
Pigmy Hunters, who helped Mr. Raven hunt the gorillas, 
carrying spears and brush-hooks. 


back and raised his spear, while I stood ready to fire. But the 
gorilla stopped short, and did not come into sight. We con- 
tinued on the trail and in a short time he rushed at us again. 
This time he was directly at our left, not ahead of us. Here 
the forest was a little more open and we could see perhaps 
ten or fifteen yards, but still he did not come within sight 
though we could see the vegetation move. 

Finally we started up the slope. One pygmy went ahead of 
me, holding in one hand his spear and in the other his little 
sickle. He passed beneath a fallen tree and I had just stooped 
under this tree when the gorilla, closer than any time before, 
gave a terrific roar. I was afraid I was going to be caught 
under the tree but I managed to step forward and raise my- 
self. As I did so I could see the great bulk of the gorilla above 
me and coming straight at me. I fired at his head as I might 
have fired at a bird on the wing. The impact of the bullet 
knocked him down and I wheeled to the pygmies, yelling at 
them not to throw their spears. I feared they would spoil my 
specimen. But they in turn shouted at me, “Shoot! shoot!” The 
gorilla was not dead. When I looked around he was standing 
up like a man; it was plain to see that he was stunned. I fired 
again and he dropped lifeless exactly fifteen feet away. 

This animal was the most magnificent I had ever seen, 
weighing 460 pounds. He was black and silver-gray, a power- 
ful, courageous creature, determined to drive off intruders 
from his domain. Upon closer examination I found this giant 
primate as clean as could be. The long, shaggy hair on his 
head and arms was as if combed only five minutes before. The 
silver-gray hair on his back was short and rather stiff. 

Then came the time for quick action, for the specimen must 
be embalmed within a few hours. It must be got on to the trail, 
the trail must be widened from a foot to ten feet up and down 
steep mountains for about twelve miles. I sent a note to my 
companions asking them to send more porters. While I ex- 
amined the fallen gorilla, some of the pygmies were starting to 
make a bed or framework of sapling on which to carry him. 


EVOLUTION 


PAGE FIVE 


By afternoon we had the gorilla out on the trail where I 
could embalm him. We then wrapped him in a large canvas 
tarpaulin and made him more secure on the litter. I refused 
to leave him at night for fear a leopard or other animal might 
attempt to eat the flesh; so the natives made a little grass hut 
for me right there on the trail. More porters arrived the fol- 
lowing morning and I detailed several to go ahead to widen 
the trail. The gorilla and litter together weighed more than 
six hundred pounds. However, the natives started off chanting 
and went along for some distance at fairly good speed. After 
getting my paraphernalia packed in the loads I followed and 
caught up with them as they were trying to get up a very 
steep incline, where there was scarcely any foothold among the 
rocks and mud. I had told them that we must reach camp by 
nightfall, but it was soon evident that this would be impossible. 
As a matter of fact, it took two and a half days, during which 
there were severe electric storms that the natives claimed were 
caused by my having killed the “king of the mountain for- 
ests.” They said the same thing happened when someone killed 
a very large elephant. At night we simply had to sleep in the 
forest in whatever shelter we could make of leaves and branches 
but it was always wet and cold. 


Many of the natives ran away as soon as it got dark and I 
never saw them again but as this was the main trail between 
Lake Kivu and Nakalongi, there were natives passing along 
at intervals, and some of these were persuaded to help carry 
the gorilla. 


The second gorilla was secured only three hundred yards 
from our main camp six days later. All members of the ex- 
pedition took part in the various details of preservation of the 
specimen. There was material to be preserved for histological 
purposes, casts to be made of the hand, foot, and head, de- 
tailed measurements to be taken, etc. When we considered 
that the embalming fluid had penetrated the body thoroughly, 
the animal was bandaged, wrapped in blankets, and sewed up 
in burlap bags, these in turn coated with paraffin wax, and the 
whole again rolled in heavy canvas tarpaulin. A litter was again 
used to carry this specimen from our camp about four miles, 
and it was then placed in a motor truck and taken to Uvira, 
where it was shipped by steamer across Lake Tanganyika, 
then by rail from Kigoma to the coast, and put on an ocean 
steamer for America. 





Courtesy American Museum of Natural Hircory 


Carrying the Gorilla to camp, twelve miles over mountain trail. 
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How Evolution Works 


By H. J. MULLER 


Professor of Genetics, University of Texas 


VIII. MutriericaTion AND SELECTION: 
Turninc AccIDENT INTO ORDER 


T does, at first sight, seem incredible 
4 that all the marvelous organizations in 
the living things about us could have been 
put together by anything partaking of the 
nature of accident. But we must remember 
that it did not fall together all at once, and 
that it was all made possible by that almost 
magical property which life owes to the 
gene—the power of multiplication of mu- 
tated individuals. 

For many millions of years, blind chemi- 
cal forces must have acted and interacted in 


This article concludes the 
series. Previous chapters re- 
viewed the various theories 
of the causes of evolution, 
proved the randomness of 
mutations, traced their ori- 
gin to the genes, and told 
of X-ray experiments that 
increased the number of 
mutations 15,000 per cent, 
indicating short wave radia- 
tion as a natural cause of 
evolution. We'll send these 
chapters to any new sub- 
scriber upon request. 


vidual, their derivation from which is indi- 
cated by dotted connecting lines. We may 
suppose that multiplication has brought 
about the existence of seven of these des- 
cendants, each with a different “chance” 
mutation, indicated by a differently shaped 
spot, and lettered from a; to gy. gi may be 
taken to represent the “good” mutation— 
the one of an advantageous nature, which 
is in the path of progress, that happened to 
occur amongst all the others of a disadvan- 
tageous or neutral kind. Now allow a similar 
length of time to elapse again, in which mul- 
tiplication and chance mutations take place 
much as before. The individual with the 


early times to build up ever different and 

more complicated organic compounds and systems of com- 
pounds. A turning-point was reached when from these shift- 
ing combinations those self-multiplying yet mutable materials 
which we call genes happened to become formed. From that 
time on the different genes, or the little systems of organic 
matter containing an association of genes, would necessarily 
enter into a destructive competition for multiplication against 
each other, until, step by step, through mutation, or the altera- 
tion of the gene, and heredity, or the multiplication of the 
gene, the complicated present day life became differentiated. 


It will be worth our while now to examine more closely just 
how it is really the peculiar power of multiplication of mutant 
forms which turns this trick of converting accident into order, 
by making such very extraordinary combinations of accidents 
possible as could not otherwise occur. For some reason, this 
fundamental feature of the matter does not seem to have been 
fully realized. 


In examining the process of evolution, let us be content at 
first to make our case a very simple one, and to proceed for a 
while in a very elementary fashion, in order to avoid con- 
fusion. Let us first see how just a simple combination of ad- 
vantageous changes, or mutations, may be obtained in an 
organism. Suppose we start 
with some extremely: simple or- 
ganism, represented by the 
straight vertical line at the top 
of Diagram I. We will now 
allow it to reproduce, and allow 
enough time to elapse so that 
some mutations or other will 
have appeared in each of its 
descendants (they need not be 
regarded as first-generation off- 
spring). In our diagram these 
descendants are shown as ver- 
tical lines placed in a horizontal 
row just below the vertical line 
representing the ancestral indi- 





Diagram I, 
How Multiplication allows the origination of a beneficial 
combination of variations (gi ge2) 


“good” mutation, g;, thus multiplies to 
form seven again, each carrying g, (ie., the multiplication has 
involved the variation itself), but, in addition to g1, each of 
the individuals carrying it now carries a second mutation, 
lettered from a to g». Among these second mutations we may 
again suppose that only one of the seven, gx, is “good,” in the 
combination in which it occurs. Thus we get a combination, 
in one individual, of two good mutations, g; and gp», which 
supposedly have properties that “fir well together,” interacting 
so as to work out advantageously in combination. 


Some or all of the other individuals of the previous genera- 
tion, bearing mutations a, to f,, may also have multiplied. 
Whether or not they did would not affect our desired result— 
the attainment of the gy g» combination—ar all, provided only 
that the g; individual itself had been able to multiply and 
If all the individuals of the previous 
generation had multiplied to just the same extent as the one 
having g, did, there would obviously have been 7 x 7 or 72, or 


mutate as indicated. 


49, individuals formed bearing some combination of mutations, 
and of these forty-nine different combinations just one would 
be the “good” combination—g, g.. Accordingly, without any 
“natural selection,” there would be one individual in forty-nine 
having the “good” combination. In still other words, the 
“chance” of the good combina- 
tion being present in any par- 
ticular one of these final indi- 
viduals, in the absence of natu- 
ral selection, would have been 
1/49. It is to be further ob- 
served that, no matter how few 
or how many of the above forty- 
nine individuals were actually 
produced, the ancestors of the 
gi gz individual (namely, the 
gi-bearing individual and its 
predecessor, the simple line) 
had multiplied at the rate re- 
quired for doing their share in 
the production of these hypo- 
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thetical forty-nine individuals. 

We may now consider what would happen in the case of 
some kind of creatures, or objects, which did not have the 
power of multiplication, but which were otherwise similar to 
the organisms just discussed, and like them could mutate (or 
in this case we should simply say, “change”). We may sup- 
pose either that these beings produce just one offspring and 
then themselves die, or that they are potentially immortal and 
change directly from one form into another. In either case, 
if their “mutational” possibilities are the same as those of the 
multiplying organisms previously considered, then we should 
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Diacram 2. 
How a beneficial combination of variations (gy g») might arise 
without multiplication, and number required. . 


have to start with seven of them to get one having 
a change equivalent to g}. But we should have to be provided 
with seven already bearing gy in order to obtain one having go. 
Since in the first place only one in seven come to have gy (or 
its equivalent), we should have to start with 7 x 7, or 72, ot 
49, in order to get the required seven having g, (or its equiva- 
lent) which would in turn yield the one finally having both 
£1 and go (or their equivalents). This is indicated in the dia- 
gram. (Here, for convenience in examining the diagram, simi- 
lar types are grouped together, although chance would scatter 
them indiscriminately. Also, all forms of “equivalent” type 
are represented as though identical). 


On comparing these non-multiplying objects with the mul- 
tiplying ones we then see that, to get a given kind of combina- 
tion by means of a given incidence of “mutation,” we have to 
start with just as many, in the case of the non-multiplying 
objects, as, in the case of the others, would have been produced 
in the end by the entire process of multiplication, if all indi- 
viduals had multiplied at the rate at which the selected indi- 
viduals did. One out of this total number hence represents 
the “chance” that our desired combination could have come 
about purely fortuitously in any particular individual at the 
end of the given lapse of time, no matter whether the indi- 
viduals were of the multiplying kind or not. By the laws of 
chance, if only a few times this total number are given, this 
combination, or one equivalent to it in “excellence,” is prac- 
tically certain, under the conditions postulated, to be present in 
one or more individuals. 


Organisms, however, represent many more than two advan- 
tageous features in combination. By the same reasoning as 
the above, we may find the chance of obtaining a combination 
of three features—gy ge gg. We may assume again that the 
g3 change is in itself, at its time of occurrence, about as rare 
as either gy or go alone was: namely, of the frequency of 1 in 
7. It will then be seen that the gy go individual must be al- 
lowed to go through a period (the third period) of mutation 
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and of multiplication times 7, whereupon g, go gg will arise. 
Further, it is evident that the rate of multiplication of the 
individuals in the line of descent that gave rise to the gy ge g3- 
bearing individual was such as to have given rise to 7 x 7 x 7, 
or 73 or 343 individuals, after this lapse of time, if only all 
descendants of these ancestors had multiplied at the same rate 
as they themselves had. In the case of non-multiplying objects, 
it would have been necessary to start with 73 or 343 individuals, 
in order to get a corresponding result—an individual with a 
rare combination of three advantageous mutually adjusted 
characters, gy go g3- Generalizing, we may say that if the 
frequency of an advantageous mutation were | in r instead of 
1 in 7, and the number of steps involved was s instead of 3, 
the corresponding total number of individuals would be 1°. 
All this is, in fact, only a simple application of a well-known 
and very elementary mathematical principle applying to the 
formation of random combinations in general. 


It is not, however, until we apply this little formula to the 
natural conditions pertaining to our immediate problem that 
its full significance for us becomes clear. What shall we take 


ety 


as our “r” (the rarity of advantageous, or “organizational” 
mutations) and what as our “s” (the number of such advan- 


tageous mutational steps) ? 


Undoubtedly r changes its value radically at different stages 
in the evolutionary sequence, but it would seem quite con- 
servative to represent r, in general, as being as small as 100. 
In other words, it seems likely that at least 100 mutations 
must usually occur before one occurs of such a special type that 
it could take part in the improvement of the life-organization. 
In flies (Drosophila) we find that there are something like 
ten times as many “lethal” and “semi-lethal” as ordinary visible 
mutations, and even among the “visibles,” the vast majority 
reduce vitality or lessen the chances of survival in one or more 
ways. It is certain that not 1 in 100 detectable mutations is 
advantageous in flies; in fact, for all we know, the number 
may be more like 1 in 100,000. 


In the case of s there are almost equally wide limits of un- 
certainty, but again we may arrive at a safe minimum figure. 
In flies I have shown that there are at least 1,500 different 
genes, and probably many times that number. There must 
then have been at least 1,500 different mutations to produce 
these genes from their predecessors. This figure, however, 
seems absurdly small in view of the great complication of a 
fly’s anatomy, physiology and developmental processes. It is 
very likely, then, that there are many more genes than 1,500 
and that each gene has had a history of numerous mutations, 
which step by step have differentiated it from one original type 
of gene. Considering too that man is certainly much more 
complicated than a fly, we might boldly guess that there may 
have been a million or more advantageous mutational steps in 
his ancestry (this would allow, say, 50,000 genes, in each of 
which, on the average, 20 mutational changes had occurred). 
Let us first, however, take s for man, at the undoubtedly far 
too low minimum value of 1,500, and r at 100. 

Our total number r5, thus becomes (100) 1°. That then is 
the minimum number of individuals we should have to start 
with, in the case of non-multiplying objects, to arrive, by “pure 
chance,” at one having the complication and perfection of or- 
ganization of a man. We shall examine later what the size 
of this number implies. It is also the minimum number which 
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the multiplication rate of the ancestors of man would have led 
to, if all the descendants of these ancestors had continued 
multiplying at this same rate, i.e., without selection. 


It might here be inquired whether such a rate of multiplica- 
tion would have been possible or likely to occur in these an- 
cestors, in the time during which life has existed on the earth. 
We know that life has been here for a period having an order 
of magnitude of something like a thousand million years, that 
is, a million millennia. If there were only 1,500 mutational 
steps in this time, that would make only one step in each 670,- 
000 years. Our postulate, r—100, requires that an individual 
in the line of descent of man should multiply at least a hun- 
dredfold between each advantageous mutational step that be- 
came incorporated in the germ-plasm, and the next one. It 
is obvious that far more than this much multiplication could 
easily happen in 670,000 years. For it only takes seven doub- 
lings to make a hundredfold multiplication, and the slow-breed- 
ing modern European has been able to double his population 
merely in the space of the last century. The multiplying or- 
ganisms, then, would have no difficulty in fulfilling these con- 
ditions. 

Suppose, now, we try the more extreme figures, r—10,000 
an s—I,000,000, so that r§ becomes (10,000) 19%, To go 
through a million mutational steps in the course of a million 
millennia would require one mutation to become incorporated in 
each millennium, or thousand years. It would also be necessary 
for the selected type of mutant to multiply by 10,000 duting 
this period of time, and meanwhile to undergo another muta- 
tion. There can be no reasonable doubt that a millennium is 
plenty long enough for many another mutation to occur, in 
all the descendant germ-plasms, but how about the large amount 
of multiplication here required? Most lower organisms go 
through a generation in not over a year’s time, and are able, 
when given the opportunity, to multiply many fold in a single 
generation. If, however, we suppose that the “select” indi- 
viduals, those with “good” mutations, only increase in numbers, 
on an average, by 2 per cent. in each generation, then, at a 
year to a generation, each such individual would increase from 
unity to nearly two hundred million in the course of a thousand 
years. This is far beyond our requirement of 10,000 times. 
Thus we see that the multiplying organism could probably do 
much better than accumulate 1,000,000 mutations during the 
time that life has already existed here, even though each muta- 
tion represented the selection of the best in 10,000. Allowance 
must, however, be made for the fact that accidental elimination 
wipes out the great majority of mutant genes within a few 
generations after their origination. That is, the process of 
“differential multiplication” or “selection” is very haphazard 
until a sizeable number of individuals with the mutant gene 
happens to become established. 

There is another process which works in the opposite direc- 
tion to the above, i.e., which hastens the “establishment” of 
advantageous mutations in the selected lines of descent. This 
process is the formation of new combinations of genes occur- 
ring in sexual reproduction. For the sake of simplicity it has 
been ignored in this account. By its means it is made possible 
that various different advantageous mutant genes which have 
been multiplying simultaneously in parallel, in as many dif- 
ferent (but partially overlapping) sections of a population, 
can be finally combined into one line of descent. Thus many 
more mutant genes can be accumulated into one (final) line 
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of descent, in a given length of time, than if all the mutational 
events and selections had to occur successively in a single line. 
Owing to this factor, the number of mutational steps may well 
have been of a considerably higher order of magnitude than 
1,000,000. Multiplication hence has probably afforded the 
opportunity of obtaining an individual that represents a 
chance of even less than one in (10,000) °°", 


NATURAL SELECTION PRUNES LIFETREE 


It should be noticed that, for the evolution of the multiply- 
ing organisms, the only two required conditions have been the 
occurrence of “chance” mutations (which need include only a 
very minute proportion of “good” ones), and the ability of the 
individuals carrying the “good” mutations to multiply to an 
extent which, within the limits of one generation, need be only 
extremely limited, but which, continued over a great lapse of 
time by something akin to a geometric progression, becomes 
prodigious indeed. In this process the role of “natural selec- 
tion” consists in just this: that by the elimination of the “unfit” 
individuals, or the restriction of their numbers, room is made 
to allow the multiplication of the others at the rate required to 
provide the “chance” for the remarkable 1 in (100) 15° or I in 
(10,000) 3:9°0900 combination to appear. In other words, selec- 
tion merely gives opportunity for the multiplication to proceed 
in the adaptive or better-organized lines at such a rate as would, 
if uniformly continued throughout, have given the total which 
automatically contains the “desired” combination. At the same 
time, we should not minimize the importance of natural selec- 
tion in determining which individuals will be allowed to multi- 
ply, and, therefore, which of the myriads of possible directions 
evolution will be allowed to take. The old analogy to the pro- 
cess of pruning a tree is very pertinent in this connection. 


If we imagine a world in which, through some sort of miracu- 
lous intervention, the combinations which we now call the “un- 
fit” are all allowed to persist and reproduce like the others, the 
evolution of the “fit” would nevertheless proceed much as in 
our own world, so long as they too were granted the oppor- 
tunity to multiply as they do here. Thus “natural selection” 
would not be necessary for their production. But these. “fit” 
or “well-organized” individuals, and lines of individuals, though 
in absolute numbers as numerous as here, would necessarily 
form but an infinitesimal fraction of all the unthinkably vast 
horde of other combinations that had come into existence 
simultaneously (just as in the hypothetical case of the non- 
multiplying beings, in which, if we started with this same final 
number to begin with, we would eventually find included 
among them by sheer accident creatures as complexly adapted 
as ourselves), The fact that the fit owed their existence to 
“chance” would then be obvious, owing to the relative small- 
ness of the minority in which they existed. In our world, the 
misfits are largely nipped in the bud, and yet, in the sense 
just explained, we see that we too are really but the vanish- 
ingly small, viable, visible fraction of a stupendous ghostly 
army of potential creatures, involving a total of (100) 159° to 
(10,000) 1:99:09, or more, possible combinations of misfits. 


A little consideration may now be given to the size of this 
theoretical total number, to show that actually it would be quite 
impossible of physical attainment. Consequently, if there were 
no selective elimination, multiplication could not possibly have 
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gone on to anything like the required extent in the “good” 
lines. Likewise, if we had had to do with objects that could 
not multiply, there could not possibly have been anywhere near 
enough of them provided in the beginning to allow an organiza- 
tion comparable with that of a higher or even lower organism 
to be formed in any of them by mere “chance.” 

Even the admittedly far too low minimum figure, (100)**”, 
is of staggeringly great dimensions. If there were this many 
beings actually produced, then, even if each being were as 
small as an electron, and all the beings were packed tight to- 
gether, there would not be nearly enough room in the entire 
Einsteinian universe, packing them in a hundred times beyond 
the limits of the farthest visible stars and spiral nebulae, for 
even an insignificant tittle of them. If we allowed each of these 
packed “creatures” to go through its entire evolution, of 1,500 
steps, in the millionth part of a second, and then substituted 
another “creature” for it and gave the latter a like chance, and 
so on for a quintillion years, we still should not have begun 
to make any appreciable impression on the above number. 
Neither should we if, in addition, each of these packed beings 
of electron size, present for each instant, were itself expanded 
into an entire Einsteinian universe. and each of these universes 
were then crammed with beings of electron size in its turn. 
In fact, we might continue thus expanding and subdividing 
worlds time and again without approaching sensibly close to 
the required figure. 

Hence, in beings without the property of multiplication of 
variations, and its corollary, natural selection, any such in- 
credible combination of accidents as ourselves would have been 
totally impossible of occurrence within the limits of practically 
any number of universes. We are thus really justified in 
feeling that we could not have fallen together by any accident 
of inanimate nature. But, given the power of multiplication of 
variations resident in “living” things, due to their genes, and 
all this is changed, and we are enabled to enjoy the benefits— 
such as they may be—of being the select of the select, such as 
it would have taken a surpassingly vast number of worlds to 
search through, before our match could be found anywhere by 
the ordinary processes of chance. In that way, I hope, the 
metaphysician may reach his “philosophical satisfaction” in 
the contemplation of his own frame and of the processes 
whereby it came into existence. 


; IX. THe Task AHEAD 
The biologist is not satisfied to stop there, however. The 
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real problems of the generation of new living things are only 
commencing to open up. The occurrence of variations, although 
“accidental” in the sense just explained, nevertheless is subject 
to a mechanism, our knowledge of which is as yet in its most 
elementary stage. Moreover, the biologist of broader view is 
not so well satisfied with his own frame. He knows that there 
never has been any one objective in the course of evolution, 
and that every creature, including man, is only on probation, 
and may give way before another in which a more advantageous 
succession of mutations happens to come along. The vast 
majority of species, in fact, have perished along the way, and 
only a relatively few survive, through change, to form the 
continuing threads of life that branch out again. 


Man, however, is now the first creature in the world to have 
this advantage—he has reached some understanding of this 
process of evolution in which he has hitherto been caught and 
blown about, and with understanding there frequently comes 
some measure of control. He can now produce mutations for 
the first time, and I have no doubt he will soon experiment 
with this knowledge and in time by its means greatly improve 
and alter the forms and functionings of those domestic animals 
and plants which he has taken under his care. Look at the 
motley shapes of flies that have been made in the laboratory, 


and you may more readily appreciate the possibilities thus 
presented. 


Despite these advantages, we are today almost as far as ever 
from producing to order the exact mutations which we want. 
Enough, for the plants and animals, simply to produce a great 
many mutations and then take our choice, as nature has done 
in a far slower and more halting fashion. But the research 
must go on. Man must eventually take his own fate into his 
own hands, biologically as well as otherwise, and not be con- 
tent to remain, in his most essential respect the catspaw of 
natural forces, to be fashioned, played with and cast aside. 


If we have had a billion years of evolution behind us, and 
have advanced from something like an ameba to something like 
a man, then, in the many millions of years which are still in 
store for our world, why may we not be able to make a fur- 
ther great advance, perhaps far greater even than this, because 
under our own increasingly intelligent guidance? At least, if 
we are men as we like to think of men, challenging all things, 
we must make the attempt, and die fighting if need be, with our 
eyes open. 





Boners from Zoology Exams 

A scientist discovered an old cork 
which he studied under the microscope. 

Other discoveries were made of the 
proprieties of protoplasm. 

A Hydra is an animal that looks like 
a plant and grows on a stork. 

The eggs and ova fuss, and produce 
a new individual. 

Cuvier believed in a series of new 
creations and catechisms. 

Apes and bamboos are arborial types 
of animals related to man. 


’ Palccontologists have discovered fossils 


imal to which they have given the name 
asterisk, representing a link beween 
reptiles and birds. 

Evolution is decent with modifications 
from pre-existing forms. 


Pau.ine H. Deperer. 
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The fact that Evotution hasn’t ap- 
peared regularly doesn’t mean that sub- 
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missing months. A year’s subscription 
means twelve numbers, and your sub- 
scription runs until full twelve are re- 


proving that there once existed an an-ceived. If you’re in doubt, please renew. 


Order “How Evolution Works” 


Orders have already come from Pro- 
fessors at Yale University and Columbia 
University for bundles of the three issues 
of EvoLuTIoN containing the enlighten- 
ing article by Dr. J. H. Muller on 
“HOW EVOLUTION WORKS.” 
Thinking that other readers might want 
to give these three issues to students or 
friends we kept some on hand. We'll 
send the three numbers (Vol. III, 1, 2 
and 3) containing the complete Muller 
article to any address for 30c. Ten sets 
for $2.50. 
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Improving On Nature 


By RALPH H. McKEE 
Professor of Chemical Engineering, Columbia University 


| aie years ago New York was the leading lumber pro- 

ducing state in the Union and Pennsylvania was a close 
second. Today these states have almost forgotten that they 
once supplied the lumber or pulpwood for their own mills. 
They use about twenty-five times as much as they produce. 
About three years ago a commission was created by the New 
York State legislature to make a survey of the wood industry 
of the state. The commission found that, not only many mills 
using tinber directly, but other industries as well, have moved 
to locations nearer a source of wood supply. In fifteen years 
New York lost more than 1200 wood-using industrial plants. 

States such as New York and Pennsylvania have four to 
five million acres each of abandoned lands, lands which con- 
tribute nothing to the prosperity and welfare of the state and 
which have become a liability instead of an asset. Many of 
these abandoned farms and cutover areas can be purchased 
for from three to eight dollars an acre. To what better pur- 
pose can this area be devoted than to plant it with trees? 

Growing trees appears to be a problem requiring genera- 
tions rather than years or decades to give results. However, 
using modern methods, this need not be so. 

It is common knowledge that agricultural crops, such as 
wheat, oars, rice, corn, and so forth, have been improved by 
hybridization and selective breeding. Among tree crops hybri- 
dization has yielded conspicuous results in certain fruit and 





Three sister hybrid poplar seedlings, all from the same catkin. 
Impossible to predict how crosses will turn out. 
*EXCERPT FROM JOURNAL OF FRANKLIN INSTITUTE. 


nut trees and in a few ornamental varieties. It is but logical to 
expect similar improvement in forest trees suitable for pulp- 
wood and lumber if we applied the methods of hybridization. 


Hybridization is, as you know, the cross-breeding of indi- 
viduals of different species. The loganberry is a cross between 
the antwerp raspberry and an 
ordinary blackberry. Hybrids, 
in general, grow faster, are 
freer from disease, than either 
of the parents. This is known 
to geneticists as “hybrid vigor.” 
Unfortunately, hybrids do not 
breed true and are often sterile. 

In considering the improve- 
ment of trees for forest pro- 
ducts the poplars seemed most 
promising. There were five hy- 
brid poplars in existence so we 
knew that crosses could be ob- 
tained. 

Our first problem was to lo- 
cate the different varieties of 
poplars in this country. The 
largest collection was found to 
be at Highland Park in Roches- 
ter, the second largest at New 
York Botantical Garden. Other 
locations which furnished par- 
ticular trees were Arnold Ar- 
boretum in Boston, and certain 
Long Island nurseries. 

Before the flowers on the fe- 
male trees opened, paper sacks 
were tied over the clusters to 
prevent normal pollination. 
Later, when the flowers opened. 
pollen was obtained from the 
flowers of the selected male tree. 
The pollen was taken at once 
to the female tree, and, by 
means of a wad of cotton, dus- 
ted over the female flowers. 
The sacks were immediately re- 
placed to prevent normal pollin- 
ation. After about two weeks 
the paper sacks were replaced 
by green cheesecloth sacks.. I 
might say that the only reason 





Hybridization, high in the 
cree, where flowers are. 


for staining the sacks green 
was to make them less conspic- 
uous so that small boys would not throw stones at them. 

Six weeks later when the seed had ripened, they were re- 


moved, taken to the laboratory where the cotton was carefully 
picked off and the seed planted in damp sand. Nature pro- 
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vides cotton so that the seed may be carried by the wind. Un- 
fortunately this cotton is a handicap to growth and must be 
removed before the seeds are planted. 


A large number of the hybrids were, of course, no more 
vigorous than the parents, but fortunately many grew with 
greater vigor than either parent. The trial was exceptionally 
successful. About fourteen thousand seedlings were grown and 
one hundred one new crosses were obtained. 


There is little to indicate in advance of actual trial which 
crosses will yield offspring of noteworthy vigor. Rather more 
than one hundred of the best-growing hybrids were reserved 
and the remainder, nearly fourteen thousand, discarded. Each 
of these better seedlings was propagated by cutting it up into 
pieces ten or twelve inches long and stored for the winter. In 
the spring they were planted in the field nursery and by the 
next September each piece had become a six or seven foot tree. 

Quick growth, however, was not the only factor to be con- 
sidered in the final choice of hybrids. The concern which is 
going to invest in a reforestation project requires a good yield 
per acre and wood of a quality that will suit both the lumber 
man and the pulp manufacturer. Therefore, in selecting hybrids 
for propagation from the hundred we chose the stocky trees as 
against the slender ones of the same height, for the stocky 
would produce the greatest yield per acre. The shape of the 
tree was also important. A tree which is vertical and has few 
branches is to be preferred over one that is crooked and has 
heavy branches. Branches mean a distribution of the total 
wood in the tree and many knots—a source of trouble to the 
lumber man and pulp manufacturer alike. 


In order to determine the quality of the wood, fibre studies 
were made and we found, as expected, that the length of the 
fibre varied in different hybrids. As longer fibre gives better 
paper and stronger lumber, we wanted to propagate the best 
quality possible. We were much pleased to find that fibre 
length and speed of growth were correlated. Thus, the fastest 
growing hybrids. were those with the longest fibre. 

Resistance to disease is also desirable and some of the hybrids 
were tested for common forest tree diseases. The result showed 
that many of the more vigorous hybrids were quite resistant 
to the more common poplar diseases. 

The common wild poplars, P. tremuloides and P. grandi- 
dentata, from which much of the book and magazine paper is 
made, were compared with the hybrids. The studies disclosed 
that the speed of growth, that is, the weight of wood produced, 
of the new hybrids is from ten to fourteen times as much per 
year as the wild poplars growing under similar conditions. 

After a tract of land is cut over it is customary to let the 
saplings that remain grow to trees. Such natural reforesta- 
tion, as it is called, yields about six cords of useful wood per 
acre in sixty years, that is, an average of two hundred fifty 
pounds of pulpwood, or one hundred twenty-five pounds of 
cellulose, per acre-year. For cotton, the yield per acre-year is 
one hundred and fifty pounds of cellulose, for flaxstraw—one 
hundred pounds, and cornstalks, nearly five hundred pounds. 

Well managed reforestation plantations of pulpwood using 
wild species will produce about two thousand pounds of cellu- 
lose per acre-year. From the new hybrid poplar plantations 
we have every reason to expect eighty cords of pulpwood per 
acre in twelve years, that is, an average of about sixteen thou- 
sand pounds of merchantable wood per acre-year, equivalent 
to eight thousand pounds of cellulose per acre-year. 
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Cellulose Production Per Acre-Year 


Blaxserawe cats ork ee eee eae eee 100 lb 
CEGtEON Ey ose nae en ome ee ere 150 Ib. 
Gorhstalks;'ssisorecscs wank oe ees toeeee 500 lb. 
clcrenatied ees) oc een eee ree 125 |b 
Reforestation—Managed .... ..... . 2000 Ib. 
Reforestation—New Hybrid Boplais ‘ .8000 Ib. 


When trees can be grown so rapidly, they become an agri- 
cultural crop, but without the uncertainties of annual plants. 


All calculations indicate that more dollars per acre-year of 
wood can be grown than dollars per acre-year of wheat or other 
common farm crops. But the whole value of reforestation is 
not complete with the reckoning of the dollar value of the 
wood grown. Such plantations protect the country from floods, 
and from land erosion, and tend to preserve an even climate. 





Comparing width of annular rings, common poplar and mediocre 


hybrid. (Reduced 1/3). Best hybrids show much greater width. 
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New York in the Ice Age 


By ALLAN BROMS 


N the Bronx Zoo stands the famous “Rocking Stone,” a 
thirty-ton boulder perched in such nice balance that a fifty 
pound pressure can rock it two inches on its narrow base. It 
is a typical ice-borne “glacial erratic” brought and left here 
by the great ice sheet of the Glacial Period. Under it, the 
bedrock of Manhattan Schist is planed level by the overriding 
ice and a nearby rock knoll to the northwest has several clear 
grooves, one or more of which may well have been cut by this 
very boulder as the ice sheet, into which it was frozen, scraped 
it over the surface. 


Elsewhere in New York are many exposures of this and 
other bedrocks similarly planed and scratched, and almost 
anywhere one can see such erratic boulders brought by the 
invading ice sheet. Many of these turn out to be derived from 
the Palisades across the Hudson River, indicating that the ice 
moved, not down the river valley, but southeasterly across it, 
a fact confirmed by the direction of the glacial scratches or 
striae on the bedrocks. Other erratics in the vicinity are known 
to have come from the Catskills and points even farther north. 


These and other ice signs are to be found all over New 
England, Canada, the states bordering the Great Lakes and 
all northwestern Europe. This fact was first discovered by 
Louis Agassiz, who concluded that all these areas, totaling some 
six million square miles, were at one time covered by thick ice 
sheets, ever expanding from northern centers of snow accumu- 
lation. Now that we have learned to read them, these ice 
signs tell an eloquent story of repeated glacial invasions, all 
the more interesting to the amateur because they are unmis- 
takable and furnish the essential clues to most of our surface 
geology. 

Often these erratics are associated with a confused mixture 
of smaller rocks, gravel, sand and clay, all heaped together in 
the usual disorder of the glacial moraine, wherever the melting 
ice happened to dump them. Here and there, the waters of 
melting may have done some sorting of the gravel into irregu- 
lar cross-bedded layers within the morainic confusion and 
spread the sands out into level outwash plains before the 
front of the ice. Long Island provides the perfect example. 
Its north half consists of terminal and retreatal moraines 
stretching its whole length, while the south half consists of 
flat outwash plains. 


Because the outflowing waters were unable to transport 


{Middletown 








Moraines, showing where the ice sheer halted. 


heavy boulders, these outwash plains have no erratics whatever. 
But in the morainic hill belt they are everywhere, though 
usually buried in the earthy rubbish heap which we call glacial 
“drift or till.” These glacial dumps are most irregular in 
form, being piled high into a hill here, being lacking so as to 
leave an isolated pond there. This was partly due to irregular 
melting, but also to uneven loading within and upon the glacier. 





“Rocking Stone,” New York Zoological Park, an ice-transported 
boulder on a glaciated surface. 


For as the ice slowly crept southward, it had frozen on to such 
underlying rocks as it could loosen, carrying them along, 
dragging them along its bottom, grinding them together within 
its mass. But sooner or later it faced the onslaughts of the 
hot sun, turned to water, dropped everything, and ran—as 
water. Sometimes a great block of ice would be left buried 
in the moraine heap, quite deserted by the retreating ice front. 
When eventually the ice block melted, it left a deep hole in 
the hilly landscape, a typical “kettle hole.” ; 

Because they are usually buried, erratic boulders are not so 
conspicuous in the terminal moraine as they are over areas 
scoured bare by the overriding ice sheet and then covered but 
thinly with a scanty moraine left as the ice front rapidly 
retreated. In such areas there would also be a generous flow 
of waters from melting, tending to wash away the finer glacial 
materials, not overly abundant at best. Consequently, the really 
fewer erratics now stand out conspicuously in contrast to the 
nearly barren bedrocks. Up New England way they build 
fences of them, which also gets them out of the way of their 
plows. 


Many bedrock masses have been smoothed and carved by 
the overriding ice, being left as low elongated knobs called 
“roche moutonnees,” (rosh mootoné), a name best remembered 
by its French derivation, roche meaning rock, moutonnees 
meaning mutton, because they looked like sheep’s backs. Their 
length is in the direction of the ice movement, the end towards 
the oncoming ice normally rising with a smooth upward slope, 


June, 1931 


while the other end is often abrupt and much broken because 
the ice froze to and plucked away pieces of the rock mass. 
This work of planing and carving the underlying hard rocks 
could hardly have been done by the ice itself, it being too 
yielding. But the hard rocks frozen into its bottom could 
well serve as hob nails for the great heel of the ice. They 
could plane, and scratch, and even groove the bedrocks. A 
notable example of such grooving is found in the big slab from 
a Lake Erie island which is displayed at the entrance to the 
American Museum of Natural History. Lesser grooves are 
to be found in many places throughout the city, and here and 
there the once numerous glacial scratches. Originally, quite 
fall the surface bedrocks were probably full of such scratches, 
‘but long exposures to weathering have destroyed them. Only 
where the top soil has been recently removed, do we find clear 
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Terminal moraine and directions of ice movement in New York 
vicinity during last glaciation. 


glacial scratches. In the Bronx Botanical Gardens are several 
fine examples. In one place, the scratches cross each other at 
an angle, indicating that the ice movement changed direction. 
It is even possible to determine which were first made and 
which later. The Botanical Garden also furnishes examples 
of quite all the other signs of glacial action, even to a small 
glacial valley, really a big glacial groove, gouged out by the 
ice stream that forced its way through. Such a valley, usually 
much larger, is U}shaped in cross-section, for the icy mass 
tends to spread and fill it fully, cutting along the sides as well 
as center. A stream-cut valley is instead V-shaped, the water 
working only in the narrow central channel. 

Then there are glacial pot-holes, some near the best ex- 
posure of scratched bedrock, others along the gorge of the 
Bronx River. They were undoubtedly caused by the eddying 
waters of falls or rapids, which used rock fragments and 
gravels as grinding tools, swirling them round and round 
until holes were bored several feet deep and wide in the hard 
bedrocks. These, and some channels over the rocks that are 
plainly stream-worm, are very strangely placed, high up where, 
it would seem, no stream could possibly flow. But the great 
glacier helps us explain, for in it and under it were confining 
ice tunnels in which flowed swift, gravel laden screams, milling 
violently round each rock obstruction, with now and then a 
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waterfall plunging down some icy crevasse. The deepest of 
these pot-holes is very obviously due to a waterfall; the next 
largest has a big tree growing in it. 

These two are near the upper end of the Bronx Gorge. 
This gorge is obviously young, speaking geologically, for it is 
deep and narrow, quite unlike the valley upstream, which has 
had time to widen by long continued weathering and lateral 
erosion. Judging by the rate at which streams elsewhere are 
known to cut into such rocks as these, this gorge is only about 
35,000 years old, which brings us back to the estimated date 
for the close of the Ice Age. This, and the fact that we find 
an old, abandoned stream valley to the west, which the rail- 
road now follows, leads us to conclude that the ice sheet must 
have dumped so much rubbish into the old channel as to dam 
and divert the Bronx River to its present course, forcing it to 
cut its new gorge through the hard rocks. This conclusion is 
confirmed farther upstream when we come to a little round 
Jake at an old bend in the original river channel. 

More extensive and detailed studies have convinced the gla- 
cial geologists that, at the close of the Ice Age, a series of big 
lakes formed before the retreating ice front, covering much 
of the country to the south and east of Bronx Park, and filling 
other valleys to the west. One of these, Glacial Lake Passaic, 
was formed between the Watchung mountains and the ice 
front. With the retreat of the ice it was completely drained, 
but we can trace its old shore lines by the beaches at its former 
high levels, and the present clay beds represent its former bot- 
tom deposits. 

To the eyes that see, the Bronx Botanical Garden tells 
another absorbing story of plant adaptations and migrations, 
exemplified by the fine stand of Northern Hemlocks above 
the gorge. These trees are native to Canada and a cooler cli- 
mate, but when the cold, hard glacier crept down, these tall, 
proud trees marched south in wise retreat, migrating slowly 
by generation after generation throwing out their seeds in ad- 
vance. Then when the hot sun chased the glacier out, they 
marched back home again but left this outpost grove of those 
that were lured to stay on in this garden spot. 


BROMS ON THE AIR 
Bax Saturday evening at nine o’clock Allan Broms broad- 
casts popular science over station WOR, each subject, 
though complete in itself, being also preparation for a field trip 
or museum visit on the Sunday after. The June program is as 
follows: — 


June 6, WOR, 9 P.M. THE WAYS OF THE WILD. 
June 7, 10:30 A.M. Meet at Bronx Park subway entrance 
to N. Y. Zoological Park. 

June 13, WOR, 9 P.M. THE TALE OF THE HORSE. 
June 14, 1 P.M. Entrance American Museum of Natural 
History. 

June 20, WOR, 9 P.M. THE IRON HORSE. 

June 21, 2 P.M. Lobby Museum of Science and ‘Industry, 
220 E. 42nd St., New York, N. Y. 

June 27, WOR, 9 P.M. RESTORING ANCIENT MAN. 
June 28, 1 P.M. Entrance American Museum of Natural 
History. 

The Saturday Radio talks by Mr. Broms will continue over 

WOR. Details of the correlated field trips are announced dur- 

ing each broadcast. Mr. Broms also broadcasts Saturdays at 


7:15 P.M. over station WPAP. 
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The Ethics of Evolution 


By MAYNARD SHIPLEY 


[t is impossible to emphasize too highly the ethical value of 

the evolutionary concept. The Fundamentalists reiterate 
that “the evolutionary philosophy is brutalizing and essentially 
immoral.” As a matter of fact, the expounders of evolution 
have been notable for their high moral qualities, while the worst 
brutes on the face of this earth 
never heard of evolution, much 
less believed in it. 

The unscientific anti-evolu- 
tionist makes much of the 
phrases “struggle for existence” 
and “survival of the fittest,” 
whereby the strongest live and 
the weakest die. But “Each 
for himself and the devil take 
the hindmost” is not, by any 
means, a safe maxim even in the 
struggle for existence. A wild 
horse, ass, musk-ox, elephant, 
etc. which would happen to 
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vary in the direction of purely 


selfish individualism would soon be devoured by its natural 
enemies and thus leave no descendants. The same is true of the 
social insects, of many species of birds, and of most of the 
higher mammals, including man. 


Man especially cannot live for himself alone. He could 
never have evolved to his present high estate on the basis of 
strict selfishness or individualism. The survival of the fittest 
in the case of many animals involves the grand and ennobling 
principle of mutual aid, as taught by Darwin and strongly em- 
phasized by Kropotkin. Because no two individuals are exactly 
and in all respects alike, variation often takes place in unpre- 
dictable directions. Even in an apparently normal type of the 
human family anti-social individuals sometimes appear, despite 
the environment, or, in some cases, because of it. The secret 
of every moral aberration, say the geneticists, lies in the germ- 
plasm. Some investigators lay the blame on mis-education in 
infancy and in childhood. We even hear sometimes—from 
non-scientists—that a moral pervert or a victim of dementia 
praecox or some other malady becomes a criminal because evo- 
lution is being taught in our schools and colleges! Yet of the 
125,000 or more felons in our prisons, not five per cent. were 
taught evolution, while from 65 to 85% have had religious 
training, according to official statistics. 


It is precisely because I am an evolutionist that I hold such 
high hopes for humanity. Despite the ups and downs of hu- 
man history, on the whole the human race has been growing 
better and better. When boys and girls learn that they were 
not born depraved and inherently sinful and vicious, but are 
the survivors of a very old race which has been, on the whole, 
forging onward and upward in proportion as its members have 
learned that virtue is its own reward, that kindness, decency 
and fair play alone can gain for them a high and secure place in 
society—when they learn that meanness, selfishness and bru- 
tality are evidences of reversion to a more primitive brute stage 


in the evolution of man, they will value the beauty of the ideal 
in conduct and do their best to make this our world a more 
satisfying and more delightful place in which to live, or in 
which, perhaps, to bring up beloved children of their own. 


To learn the laws of the universe is to learn also that we 
must obey those laws or perish. Morality consists, in the last 
analysis, in obedience to nature’s laws. To ignore these rules 
of life is to court degradation and ultimately extinction. The 
concept of evolution provides us with sanctions for right con- 
duct which are based upon the unavoidable laws of nature itself. 
From the consequences of violation of these laws no one can 
escape. 


We must conclude, then, that evolution not only gives a 
unity and direction to the study of human culture as a whole, 
and that modern science is unintelligible without it, but also 
that this discipline has great value as an educational agency. 


For the student who views in imagination the long and 
difficult struggle of man upward through the ages there is a 
real sanction for right conduct as well as a penalty for malad- 
justed behavior. There is, moreover, ground for unfailing 
optimism, for confidence in a happier and nobler future for 
humanity. The enlightened evolutionist joyfully climbs the 
heights of being, eager to advance, responsive to every uplifting 
influence, scornful of the promptings of inherited brute emo- 
tion, spurred onward by the lure of happiness, his face ever 
turned toward the sunlight of a more glorious future. Behind 
him lies the long ancestral night of ignorance and brutality and 
superstition. Before him lies the pathway of perfection, the 
guerdon of a heaven to be realized within us. 


Many causes are involved in the processes of human evolu- 
tion, some of them obscure, others still unknown; but among 
all the factors that are clearly recognizable stands out this 
salient principle or law of mutal aid, of friendly co-operation 
as a means to higher life and fuller joy. Spreading out from 
the limited circle of the immediate family of parents and 
children, her wave of altruism and good will enlarges to encom- 
pass the tribe, the nation, and, in the not distant future, let 
us hope, all of the nations and all of the peoples. When we 
look upon human beings as the inheritors of one comparatively 
minute globe in the depths of boundless space, members of one 
great human family, ic is not difficult for the evolutionist to 
envisage an early realization of that dream of poet and philo- 
sopher, the universal brotherhood of man. 


Even were the ennobling concept of evolution not the in- 
valuable guide that it is to further discoveries; even though it 
did not, as it actually does, afford us a solution of many other- 
wise insoluble problems, ic must yet be taught in our schools 
for its value as an ethical incentive to the highest and noblest 
aspirations of the human race. 
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What Is Man Becoming? 


By ALES HRDLICKA 
Curator of Anthropology, U. S. National Museum 


Li bg susject has occupied attention more than the future 
of the individual after death; but the amount of thought 
given to the terrestrial future of man has been astonishingly 
small. Even now, thoroughly conscious as scientific workers are 
of human evolution in the past, they seldom attempt to pic- 
ture what may happen with man during the’ endless stretches 
of time ahead of him. 


Had we a perfect knowledge of the human past, our whole 
mental attitude towards the human problem would be altered. 
We should much more fully understand ourselves, could much 
better appreciate and weigh the changes in man now going on, 
and could to a considerable extent deduce validly at least the 
nearer future of the human species. 


The essentials of the knowledge of man’s past are: 


Man, in origin, is not apart from but belongs to the rest of 
the living world. 

Man has developed, in all probability gradually, from the 
nearest subhuman forms, and under the exciting influence of 
environmental conditions. He then progressed gradually, 
though doubtless not regularly or at the same rate, towards 
his present status. During this progress he differentiated into 
numerous types and races, the less successful of which have 
become extinct. He is still substantially attuned to Nature, 
though the relation is weakened through his artificialities. 

Up to the end of the last main glaciation, man progressed 
evidently but very slowly in numbers. In general he did seem- 
ingly but slightly better than to sustain himself. His spread 
was slow and sparse. But after the main part of the last gla- 
cial invasion he begins to multiply much more effectively and 
as his numbers increase there follows gradually a spread all 
over the habitable earth, with an accentuated differentiation of 
types and races. The latter proceeded all, according to the best 
evidence, from but one human species, and those now living 
date all from the later, post-glacial, parts of human prehistory; 
earlier strains, such as doubtless there were, can no more be 
traced among living men. 

The main phenomena of human differentiation or “evolu- 
tion” throughout the past, are on one hand a progressive men- 
tality, on the other hand a progressive physical adaptation and 
eventual refinement. It is a wonderful and, in general, sus- 
tained progress from a more-or-less ape-like precursor to the 
highest type of man and woman of today. 

When we impersonally observe the present, it is seen, not- 
withstanding its great complexities, to be merely a developing 
continuation of the past. Man is still, it appears, as plastic in 
body and mind as he ever was, probably even more so; he is 
still struggling with environment, though controlling ir more 
and more every day; and he still changes. 

He lives longer and better. He suffers less physically. Elimin- 
ation of the less fit has largely changed to elimination of the 
unfit only. Less mother’s and child’s hard labor, more and bet- 
ter food, with exercise, sport and personal hygiene, are bring- 
ing about an increase in stature of civilized man, while less use 
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of the jaws and muscles of mastication is reducing the teeth, 
the jaws, the breadth, protrusion and massiveness of the face. 
The head in general among the cultured is becoming slightly 
broader and larger, the skull and facial bones thinner, the phy- 
siognomy more lively and expressive. 

The features, the hands, the feet, are becoming more re- 
fined, and general beauty is on the increase, in both men and 
women. The sensory organs and centers, particularly those of 
sight, hearing and taste, are evidently growing more effective 
as well as more resistant. And there is unquestionable advance 
in civilized man of mental effectiveness and mental endow- 
ments. Records in endurance and in accomplishments are ever 
being surpassed, and in modern commerce, industry, finance, 
science, applied arts, bring to light mental giant after giant. 

Those and other progressive changes in the cultured man 
of the present are resulting, it is true, in various weakenings 
and consequent disorders. The hair, especially in the men, is 
being lost prematurely; the teeth are weakened in resistance, 
there are troubles of eruption, and some of the dental units 
tend to disappear. The facial changes, while favoring a greater 
variety and higher range of the voice, lead often to disturbing 
irregularities of the nasal structures and palate. The weaken- 
ings through less use of the feet and other organs (appendix, 
muscles, etc.) result in difficulties, even dangers. Great mental 
application favors digestive and other disorders; etc. But all 
these disadvantages are being checked by new adaptations and 
have but a moderate effect of retardation on the general evo- 
lutionary progtess of civilized man. 

Such, in high lights, was man’s past and such is his present, 
in evolution. The important problem before us is what, on the 
basis of what preceded and what is now observable, may with 
approximate safety be expected for the future. 

In general man’s past and present permit the statement that 
he is not yet perceptibly near the end of his evolution, and the 
prediction that, according to all indications, he will for long 
yet keep on progressing in adaptation, refinement and differ- 
entiation. But this applies only to the main stream of human- 
ity, the civilized man. The rest will be more or less brought 
along, or left behind. 

The progress of the advancing parts of the race may be 
foreseen to be essentially towards ever greater mental efficiency 
and potentiality. The further mental developments may be 
expected to be attended by an additional increase in brain size; 
but this gross increase will be of but moderate proportions. 
The main changes will be in the internal organization of the 
brains, in greater blood-supply, greater general effectiveness. 

The skull will in all probability be still thinner than it is 
today. And the skull may on the whole be expected to grow 
fuller laterally and also antero-posteriorly, due to developments 
in the directions of least resistance. The hair of the head, the 
indications are, will probably be further weakened. The sta- 
ture promises generally to be even somewhat higher than to- 
day among the best nourished and least repressed groups. 

The face will, it may be expected, proceed slowly in refine- 
ment and handsomeness and character. This partly through in- 
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WHAT SHARP EYES SEE 
By PAULINE H. DEDERER 


il lee spas nature education, the joys 
of hunting with a camera have been 
extolled as a substitute for hunting with 
a‘gun. Even without gun or camera, na- 
ture hunting may have its lucky shots if 
our mind’s eyes can be trained in marks- 
manship, alert to see, understand and 
appreciate the country we are in, and its 
plant and animal life. 

A rotting log in the woodland is one 
of the best examples of a self-sufficient 
community, where each creature is solv- 
ing somehow the problem of how to 
make a living. Here are damp moulds, 
fungi and lichens, food for animal life, 
among which we find abundantly the 
little gray pill-bug, humble cousin of the 
lobster, centipedes untroubled by the 
thought “to know which leg comes after 
which,” soft white grubs of beetles, cater- 
pillars of moths, spider eggs in white 
silken blankets, soft-shelled snails trail- 


ing a shining path of slime. On these 
small fry the birds feed, and so we find 
a chain. of nature or a web of life as 
Darwin called it, which forms the fabric 
of the community life. 

Good examples of fresh water associa- 
tions of animals may be found among 
the inhabitants of swamps, bogs and 
pools. Take a pool or small pond in a 
meadow. Here is a miniature world in 
the universe of the countryside—and 
how may the inhabitants of its depths 
speculate upon the “nature of the world, 
and of bugs!” In this small world we 
find several different levels of society. 
The lowest stratum consists of small 
creatures which burrow in the mud. 
Scoop up a netful of mud and you will 
find in the early spring, tadpoles of frogs, 
nymphs of dragon-flies with huge trap- 
door jaws. Here they swim about in com- 
pany with thread-like worms, microscop- 
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ic protozoa, small insects and large pred- 
atory water beetles, water spiders and 
snails which attach themselves to sub- 
merged water plants. Near the surface 
of the water, amusing waterboatmen ply 
their feathery oars, and the little back- 
swimmers dart about in apparent frenzy. 
Mosquitoes leave the cast-off garments 
of babyhood upon the surface of the 
pool, and wing their way. Red-spotted 
newts poke their noses up for air, and 
green frogs sit serenely at the margin. 
Darting above them all are the winged 
insects, notably the dragon flies, which 
had their birth in the pool below, and 
the birds that alight on overhanging 
branches. 

The greatest interest of a small pond 
or marsh in the spring is, to my mind, 
in the various stages one may find of the 
development of several kinds of amphi- 
bia (frogs, toads and salamanders). The 
eggs are familiar bunches of brown or 
blackish spheres enclosed in a mass or 
masses of transparent jelly. You may 
identify the species with a Palmer chart 
which explains the distinguishing char- 
acteristics of the eggs, and the time of 
year they are laid. In our eastern woods 


we may see at the breeding season, which 





tensifying intelligent sexual selection, partly through further 
reduction of the bony parts consequent upon diminished masti- 
cation, and partly through the further development of the 
frontal portion of the skull. The eyes will, it is plain, be rather 
deeper set, the nose prominent and rather narrow, the mouth 
still smaller, the chin more prominent, the jaws even more 
moderate and less regular, the teeth tending to smaller, dim- 
inished mostly in number, even less regular than now in erup- 
tion and position, and even less resistant. The future of the 
beard is uncertain, but no such weakening as with the hair of 
the head is as yet observable. 


The body will tend to slenderness in youth, the breasts 
towards small, the pelvis parts but little affected, the lower 
limbs towards long, the upper rather towards short, the hands 
and feet towards narrower, the fingers and toes towards more 
slender, with the fifth toe probably further diminishing. 

As to the internal organs, the only more plainly foresha- 
dowed probabilities are a further weakening and diminution 
of the appendix, and a shortening, with diminution in capa- 
city, of the intestines. As food may safely be expected to con- 
tinually be more refined and made more digestible, the neces- 
sity of a spacious large intestine will diminish in proportion. 

Physiologically, the tendencies indicate a rather more rapid 
than slower pulse and respiration with rather slightly increased 
than decreased temperature—in other words a livelier, rather 
than more sluggish, metabolism. But substantial changes in 
these as well as in other organic functions are not to be anti- 
cipated for many millenniums; these functions are too firmly 
established. 

So much for normal conditions. There is, regrettably, also 
the debit side to be considered. Man has ever paid for his ad- 
vance, is paying now, and will pay in the future. Functional 


disorders, digestive, secretive, eliminative, disorders of sleep 
and sexual, can not but multiply with the increasing stresses, 
exertions and absorptions. Mental derangements will probably 
be more frequent. Destructive diseases such as diabetes, and 
various skin troubles, will probably increase until thoroughly 
understood and hindered. The teeth, the mouth, the nose, the 
eyes and ears, will ever call for an increased attention. The feet 
will trouble. 


Childbirth will not be easier nor less painful; though assis- 
tance will equally rise in effectiveness. Due to prolonged life, 
heart troubles, apoplexies, cancer, and senile weaknesses of all 
sorts, will tend to be more common, until mastered by medi- 
cine. All this, with many abnormal social factors, will retard 
but not stop man’s progress, for the indications are that he will 
rise equal to all his growing needs as they develop and begin 
to hurt. 

There is no life-danger to humankind to be apprehended on 
these scores. If there is a danger to human future, it lies in 
the birth rate of the torch-bearers. Already now the birth rate 
in the families of the most intellectual is unsatisfactory. 


To try to fathom what will happen with man in the distant 
future would be to lose ourselves in unwarranted speculation. 
Only a few facts seem certain. As man will advance in knowl- 
edge, so he will advance in the understanding of what is truly 
advantageous and what truly disadvantageous to him, which 
will make it easier for him to follow the right road. He will 
advance in the control of nature, which will aid him greatly 
in shaping his own destinies. And he will ever more understand 
disease with its antidotes and immunization. With these gains 
in perception and power, notwithstanding the many difficulties 
in the way and the many less fit that must be left behind, a 
long human progress appears assured. 
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lasts from March through June, abun- 
dant specimens of the wood frog, green 
frog, leopard frog, pickerel frog, and 
the tiny tree toad an inch long, that in- 
flates its throat like an amber bubble 
and gives its clear shrill “peep.” The 
garden toad also joins this gathering, for 
practically all amphibians frequent the 
water to lay their eggs. Salamanders also 
issue from their hiding places under 
damp stones, and crawl to the water’s 
edge on the same errand. Here in the 
warmth of the spring sun, the egg masses 
pursue their course of development— 
mysterious even though all its history 
may be known—into the tadpole stage 
characteristics of the species, and finally 
attain the adult form. 

Next in the list of animal habitants 
let us take land associations. Some of 
these include animals of the surface 
ground and animals living on vegeta- 
tion. As you walk through the woods 
you may be passing by some black-and- 
white or yellow-spotted salamander hid- 
den under a stone, or a tiny red-backed 
salamander concealed under the bark of 
a dead tree. Many forms of life can be 
brought to light by turning over stones 
and stripping bark from dead trees. 
Your eyes will have to be sharp to find 
signs of life upon bushes and trees. 
Look for cocoons of moths, hanging like 
dead leaves upon twigs. Examine green 
leaves curled over to form the covering 
for some insect eggs. You may find a 
“walking-stick” which looks like a twig 
until you see it move or discover dull- 
colored moths resting upon the bark of 
trees, perfectly camouflaged. Look for 
cast-off skins of cicadas (incorrectly 
called locusts) still adhering to the tree 
trunks by ghostly claws, showing a split 
down the back through which the iride- 
scent adult burst its prison. 

Sharp eyes will find these things. It is 
something at least to have found your 
quarry, but don’t stop there. Find out 
something about its life history. Can you 
follow it from the cradle to the grave? 
How does it make its living? Do you see 
any special value in any of its parts for 
the kind of life it has to lead? You will 
find zest now in planning a small na- 
ture library to aid you in your quest. 
Charts and pamphlets published by vari- 
ous nature organizations are helpful and 
inexpensive. Use these at home to round 
out your study. Observation may reveal 
what an animal does but not what it is. 
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Question Box 


Answers by ALtan Broms, unless otherwise credited 





Q.— How do such meteorites as those 
at the American Museum of Natural 
History originate, and how do you ex- 
plain that peculiar crystal structure inside 
them? F, P. J. 


A.— These meteorites, as you know, 
have fallen upon the earth from outer 
space. Most “shooting stars” are much 
smaller, mere grains of meteoric sand 
that burn into ashes from the friction of 
the air as they rush through it at speeds 
up to 44 miles per second. The large 
meteors can reach earth without burning 
all up because the heat of friction on 
their surfaces does not have time to 
strike into the interior, but merely fuses a 
thin outer shell. So this heat cannot 
help us explain the internal crystalline 
structure. 

T. C. Chamberlin, in his “The Two 
Solar Families”, has given us a reason- 
able answer to both your questions. It 
is well known that the “shooting star” 
meteors, and the comets with which they 
are associated, travel in long elliptical 
orbits that take them alternately out into 
the cold depths of space and then close 
to the hot sun. They stay long out in 
the distant zone of darkness and cold 
where the sun’s gravitational pull is 
very feeble. So the fine dust specks and 
larger meteoric grains have a chance to 
gather into loose clumps under their own 
mutual gravitational pulls, even though 
these be very weak. Their collisions are 
gentle, for the motions are very slow, 
both in their orbits about the sun and 
in their falls towards each other . Besides 
they are out there in the feeding grounds 
a long time before they return to the 
vicinity of the sun. But as they head 
sunward they fall, slowly at first, then 
faster and faster, until they reach enor- 
mous velocities in passing the sun. They 
might well be broken up and dissipated 
by the melting heat of the sun, but if 
they are largely metallic, they instead 
fuse and hang together. This probably 
explains why most large meteorites are 
metallic, composed of an iron-nickel al- 
Icy, with only a mixture of stony matter. 
Such molten metallic masses, as they 
slowly cool through the months of their 
retreat into cold outer space, stay toge- 
ther and tend to crystalize, explaining 
the characteristic interior structure, which 
when polished and etched by acid, reveals 
the formerly mysterious Widmanstatten 
figures to which you refer. Of course, 
each time they pass through the outer 
feeding grounds, they will add to their 


size, each sunward trip fusing the loose 
matter so accumulated into the main 
meteoric mass. 
* Ok Ok 

Q.— Why are crocodile tears? J. C. 
A— Of course, I realize that you are 
“kidding” me, but my comeback is to 
give a sensible anwser to a foolish ques- 
tion. Tears came into the lives of 
crocodiles, other reptiles and all other 
higher back-boned land animals because 
they serve a useful purpose, give advan- 
tage in the struggle for existence. For 
crocodiles, even though they spend so 
much time in the water, are land animals 
in their physical structure. They breathe 
with lungs all through life, have legs 
for walking on land all through life, and 
have eyes fitted to land life all through 
life. The emphasis on “all through life” 
is to distinguish them from the am- 
phibians, the frogs, newts and salaman- 
ders, who start off as water-dwellers, 
breathing with fish-like gills, and who 
must change both structure and ways to 
fit them for their adult land life. Their 
very name, amphibians, tells that they 
lead this double life. Everyone knows 
that they represent the evolutionary 
transition from fishes to the land dwell- 
ing reptiles. Though the reptiles preserve 
many old fish and amphibian features, 
they are fitted only as lung-breathers 
and sometime land-dwellers. They al- 
ways, for instance, lay their eggs on dry 
land and they have tears. 
Those tears are a dry-land adaptation. 
They substitute for the water in which 
the fishes live and with which they wash 
the dirt out of their eyes. They are never 
troubled, as the reptile is, by dry-land 
dust that gets in their eyes to torment 
and obscure vision. Their eyes are get- 
ting a perpetual eye-wash. When the 
reptiles took definitely to the land, tears 
came into the world, for eye-flushing 
purposes only. Well developed eye-lids 
helped too, by keeping the dust out, by 
loosening it mechanically. But the tears 
came for prosaic use not for sentimental 
purposes as a mere eye-wash. The croco- 
dile has no use for sentiment in his life. 

It would interfere with his method of 
getting a living. But he does have use 
for tears. Of course, this does not ex- 
plain the origin of that saying about 
“crocodile tears”, but that happens to be 
another story. 
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Fundamentalist Follies 


In this Monthly Feature Eowin Tenney Brewster 
will refute all fundamentalist objections to evolution. 





SCIENCE AND THE 
LEGAL MIND 


The Theory of Evolution, by Nathan 
G. Moore (Lakeside Press, Chicago) 
has just come to its third edition, the 
first only two years old. Written, as 
the title page informs us, “from a 
lawyer’s point of view,” the Fundament- 
alist press has proclaimed it with one 
voice as at once the exposure and the 
refutation of the errors and the fallacies 
and illogical vagaries of evolutionary 
science. Here, at last, is a trained legal 
mind, that can put two and two to 
gether, cross-examine testimony, point 
out contradiction and fraud—in, short, 
reason! 


One reads as far as page fourteen, 
and encounters “There are five hundred 
thousand classified forms of mammalian 
life and two hundred and fifty thousand 


of plant life, says Prof. Kellogg (Evolu- 
tion, p. 8) ” 


It sounds fishy! Mammalian species 
are some what rare birds. Most of us, 
running over those we know in our own 
districts, can name something like fifty. 
Adding all we have seen in museums 
and read about, will double the number. 
As a matter of fact, there really are 
rather less than one percent of the 
“five hundred thousand classified forms 
of mammalian life” which Lawyer Moore 
will have us suppose that Vernon L. 
Kellogg thinks there are. 


Yet, curiously enough, our learned 
brother, further along in his book (p. 
282) quotes—this time  cotrectly— 
another zoologist, “In round numbers, 
there are . . . only 36,000 known species 
of vertebrates.” So we have Lawyer 
Moore quoting an authority on one page 
for 500,000 mammals; and on another 
page, another authority for 36,000 verte- 
brates! Can it be that this champion of 
the Lord and smiter of evolutionary 
Philistines does not know what either 
a vertebrate or mammal really is? 


The plot thickens. One turns to Kel- 
logg’s original text (Evolution, p. 8) 
and there reads, “We have found and 
described and clasified and named about 
500,000 living kinds of animals and 
250,000 kinds of living plants.” 


So it wasn’t “mammals” after all chat 
Kellogg really said, but “animals.” But 
“animal” and “mammal” do sound a 
good deal alike. An author might 
easily substitute one for the other— 


especially if he hadn’t much idea what 
either word means! 

Our fundamentalist limb of the law, 
in short, quotes a perfectly plain sentence 
out of one zoologist; and in it, along 
with other glaring inaccuracies, manages 
to substitute “mammal” for “animal.” 
Quoting correctly another zoologist, he 
gives his readers to understand that there 
are fourteen times as many mammals in 
the world as there are vertebrates. He 
puts these absurdities in his manuscript; 
which manuscript he revises the cus- 
tomary number of times. Then he 
corrects his proof, supposedly twice. 
Finally, he reads the printed work—a 
weakness that no author escapes. Later 
he prepares a second edition. After this, 
comes a third. 

All three editions go out for review. 
Fundamentalist editors laud the volumes 
te the skies. Fundamentalist preachers 
tap them freely for sermons. Fund- 
amentalist parents purchase _ largely 
hoping to get ahead of their offspring 
who are taking high school zoology 
under sinful pedagogs who believe in 
evolution. 

And nobody notices anything wrong! 
Moreover, the work has in abundance 
“more of same”—and some of them 
are even more obvious and even more 
absurd than the one selected here as a 
sample of Fundamentalist science. But 
no Fundamentalist has spotted any of 
them, else the author would have been 
informed of his blunders and corrected 
them. For Fundamentalist reviewers and 
editors and clergymen and parents, as 
for Fundamentalist lawyers, mammals 
and vertebrates are all “science falsely 
so-called!” So far as they are not still 
another invention of Evolutionists they 
are too nearly the same thing for a 
Fundamentalist to trouble himself over 
distinctions! 

What could proclaim with louder voice 
than the Fundamentalist’s own, the 
mental level of anti-evolutionism? 


BOOKS 


THE STORY OF EVOLUTION. By 

Benjamin C. Gruenberg. D. Van Nos- 

trand Co., N. Y. $4.00. 

FROM DUST TO LIFE. By Burton 

P. Thom. Dutton & Co., N. Y. $5.00. 

The title of Gruenberg’s latest book is a 
misnomer, for he discusses the Factors of Ev- 
olution rather than its Story. Aside from this 
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and his old disposition to placate the Funda- 
mentalists, he does a fine job of clear and 
interesting popular writing of up-to-date 
accuracy. He is to be commended for speak- 
ing up more courageously than heretofore 
and for the way he has covered and condensed 
a vast subject withour loss in either clearness 
or accuracy, The many illustrations maintain 
the same high standard. 


Thom really writes the Story of Evolution, 
the whole of it at that, from the very origin 
of things to Man’s evolving mind. He makes 
a vivid story of it too, almost romantic at 
times without loss to its science. Here also, 
the clear style is ably abetted by numerous 
fine drawings. As a whole, the story is 
panoramic in its scope, but there is interesting 
detail and incident throughout. On the 
scientific side only one exception need be 
taken. Since the preparation of his opening 
chapter, our rapidly developing science of 
sub-atomic physics has greatly modified the 
account here presented. Otherwise, the book 
is a remarkable review of our evolutionary past, 


ALAN Bros. 


THE CASE AGAINST EVOLUTION, By 
George Barry O'Toole, Ph.D., S.T.D. 408 
pp. Macmillan, N. Y. 


O'Toole differs from all the 
other authors of recent books opposing evolu- 
tion, (excepc L. T. More) in having a 
scientific training. He differs from all the 
others in having some real acquaintance with 
Biologv. It is, therefore, interesting to see 
what sort of case he offers. 


Professor 


There is a specious appearance of fairness 
in his foreword, in the statement that he is 
presenting only the negative evidence, as the 
evidence in favor of evolution is fully presented 
elsewhere. It is soon evident, however that 
he is adopting the usual special pleading 
employed by ‘other authors of this type, 
but in a more subtle form. For example, he 
demands the experimental production of a 
new species under controlled conditions, but 
arbitrarily defines a species as one existing in 
nature, which is hardly compatible with produc- 
tion in a laboratory (p. 4-5.). He entirely 
ignores the new forms, essentially of specific 
grade, which have been produced under con- 
trolled conditions within the last fifteen years, 
or those developed under domestication. Again 
he garbles the meaning of quocations as 
where he quotes Bather (p. 3) to imply chat 
phyletic series are now discredited, when the 
actual meaning is that they are steadily 
becoming more closely Jinked and more ex- 
actly demonstrable. 

Mendel, a priest, is deservedly 
praised, but there is no hint of the fact that 
the field which he founded, Genetics, is re- 
sponsible for the appearance, in the laboratory, 
of distinct physiological species. Muller has 
proved chat it is not true chat all mutations 
are disadvantageous (p. 44). Hence the 
argument that mutations can have no evolu- 
tionary significance falls of its own weight. 

The treatment of the evidence from fossils 
(chapter III) is particularly unsatisfactory. 
Quotations, taken out of context, are used to 
support labored misinterpretations (especially 
pages 76-96), The existence of any positive 
evidence contradicting Professor O’Toole’s 
thesis is ignored. 


fellow 
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Professor O’Toole is sufficiently acquainted 
with the field of Biology not to take the 
late Alfred McCann’s book, “God or Gorilla” 
very seriously. However, he is so innocent 
of any knowledge of Geology that he takes 
Price’s fantastic catastrophism seriously, and 
he bases a part of his argument on Price’s 
ideas, which, in turn, are based on a purely 
reading knowledge of Geology (p. 96-112). 
He follows Price in denying the existence of 
overthrusts, which can be demonstrated, in 
the field, to any averagely intelligent high 
school student. (It is amusing that Price 
has apparently never looked at any of che 
phenomena, in the field, about which he writes 
so glibly). On pages 111-112 and 335, Pro- 
fessor O'Toole kindly tells us which of the 
results of Geology he is willing to accept, on 
a provisional basis. 

The chapters on “The Origin of the Human 
Soul” may interest the pious reader, as may 
the afterword. As they are essentially theo- 
logical, rather than scientific, they do not 
require discussion here. The chapter on ‘The 
Origin of che Human Body” is based on the 
same old methods the juxtaposition of ap- 
parently contradictory quotations from various 
authors, removed from cheir context, the 
suppression of contradictory evidence, and 
strained conclusions drawn on purely dialectic 
basis. One is grateful, however, for his 
logical statement (p. 268-9): “the only choice 
which sound logic can sanction is between 
fixism and a thorough going system of 
transformism, which does not exempt the 
human body from the scope of the evolution- 
ary explanation.” With this statement we 
can have no quarrel. 


Prof. O’Toole, while not a scientist (since 
he has not produced original work) has a 
respectable training quite enough to be held 
fully responsible for what he says and how 
he says it. It is regrettable, but true, that 
while on a more intellectual plane, his book 
is as worthless as those of Bryan, LeBuffe, 
McCann, Price, Riley and Williams. Ie is 
interesting, however, to see that an intelligent 
and fairly well-trained individual, such as 
Professor O'Toole, can only produce so feeble 
an effort to disprove the fact of evolution. 


Horace Evmer Woop, 2np. 


PARADE OF THE LIVING. By John 
Hodgdon Bradley, Jr. Coward McCann, 
N. Y. 308 pp. $3.00. 


This is the best-written survey of the 
history of life which has appeared during che 
presence revival of popularized science. Dr. 
Bradley is a skilled maker of striking phrases; 
a stylist whose methods are those which most 
teadily give dead bones life, and even endow 
them with speech. No one can complain that 
Parade of the Living is a tedious book, and 
its vivacity seems to meet material reward. 

To the paleontologist, however, it suffers 
somewhat from that very quality. The pro- 
gress of life has been slow and blundering; 
the parade which Dr. Bradley shows us so 
breathlessly has failed to include a new 
phylum in five hundred million years, while 
most of its participants have died by the way. 
There were gaudy costumes upon its bands 
and queer assemblages in its cages; but the 
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bands were out of step and the procession 
demoralized, Dr. Bradley’s present tense and 
active voice obscure the confusion, and indicate, 
now and then, that che beasts themselves willed 
to change. 


Yet it is doutful that these defects will 
make much difference to the non-paleonto- 
logic reader. He may, however, justly 
complain at the absence of pictures, which 
either forces him to rely on word impressions 
or to consult such a book as Lull’s Organic 
Evolution, The chances are that he'll do the 
former, and thereby lose some of the reality 
which Dr. Bradley has tried (so successfully) 
to give his narrative, 

Carrott Lange FENTonN. 


Funnymentals 


“Such things as railroads and telegraphs 
are impossibilities and rank infidelity. There 
is nothing in the Word of God about them. 
If God had designed that His intelligent crea- 
tures should travel at the frightful speed of 
fifteen miles an hour, by steam, he would have 
clearly foretold through his holy prophets. It 
is a device of Satan to lead immortal souls 
down to hell.” Christian School Board, Lan- 
caster, O., 1828, quoted by Sprading in Sci- 
ence Versus Dogma. 

Evolution is “a theory that will completely 
undermine our present civilization, sweep 
away all presence standards of morality and 
turn the world back into barbarism, and all 
founded on pure speculation.” W. G. Bennett 
in May, 1931, “Fax.” 

“Tr (Noah’s flood), is the only explanation 
of those great bone deposits that characterize 
the eastern and western shores of North 
America, and are found in heaps in other 
Portions of the earth, Animals do not die in 
huddles, nor do they crawl to some grave- 
yard and lay themselves upon the bones of 
their ancestors to breathe their last, but such 
a flood as is recorded in Genesis, drowning 
the animals of the earth, would by the tidal 
and translation waves thereof, tend to pile 
them in exactly such ricks, on ocean shore 
lines, with the final recession of waters to sea 
beds... . 

“Tr would wipe from the earth those great 
saurians that feasted upon its Juxurious vege- 
tation, and pile them up in heaps of the dead, 
exactly as the Wyoming excavations discovered 
them a few years since, burying them in the 
rock of the plateau, 7,000 feet above sea level, 
since their great hulks would not tend to 
drift away with the receding waves as did 
those of lesser animal life... . The flood 
is the solitary explanation of all these facts.” 
Rev. W. B. Riley, Christian Fundamentalist, 
May, 1931, 


SEND MORE FUNNYMENTALS 


Readers are invited to help secure ammuni- 
tion for the Funnymentals column. If you 
have any fundamentalist statements, either 
written or oral, that you think worthy of 
being reprinted under FUNNYMENTALS, 
send them along. Buc be sure you quote 
ACCURATELY, and give exact authority, 
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New Address: 175 Varick St., N. Y. C. 


STATEMENT OF THE OWNERSHIP, 
MANAGEMENT, CIRCULATION, 
ETC., REQUIRED BY THE ACT OF 
CONGRESS OF AUGUST 24, 1912, of 
Evolution, published monthly ac New York, 
N. Y., for April 1, 1931, 


State of New York, County of New York, ss. 


Before me, a Notary Public in and for the 
State and county aforesaid, personally ap- 
peared L. E. Katterfeld, who, having been 
duly sworn according to law, deposes and says 
that he is the Managing Editor of the Evolu- 
tion, and chat the following is, to the best of 
his knowledge and belief, a true statement of 
the ownership, management (and if a daily 
paper, the circulation), etc., of the aforesaid 
publication for the date shown in the above 
caption, required by the Act of August 24, 
1912, embodied in section 411, Postal Laws 
and Regulations, printed on the reverse of 
this form, to wit: 

1. That the names and addresses of the 
publisher, editor, managing editor, and busi- 
ness managers are: Publisher, Evolution Pub- 
lishing Corporation, 344 E, 16th St., New 
York, N. Y.; Editor, none; Managing Editor, 
L. E. Katterfeld, 344 E. 16th St., New York, 
N. Y.; Business Managers, none. 

2. That the owner is: (If owned by a 
corporation, its mame and address must be 
stated and also immediately thereunder the 
names and addresses of stockholders owning 
or holding one per cent or more of total 
amount of stock, If not owned by a corpora- 
tion, the names and addresses of the individual 
owners must be given. If owned by a firm, 
company, or other unincorporated concern, its 
name and address as well as those of each in- 
dividual member must be given). 

Evolution Publishing Corp., N. Y¥.; Allan 
Broms, New York, N. Y.; Martin Dewey, 
New York, N. Y.; Wm. King Gregory, New 
York, N. Y.; L. E. Katterfeld, New York, 
N. Y.; M. Mark, Swavzee, Ind.; A. Nielen, 
Cincinnatti, Ohio: Frank A. Sieverman, New 
York, N. Y.; Elihu Thomson, Swampscott, 
Mass.; Morris Weinberg, New York, N, Y. 

3. That the known bondholders, mortga- 
gees, and other security holders owning or 
holding 1 per cent or more of total amount 
of bonds, mortgages, or other securities are: 
(If there are none, so state.) None. 

4. That the cwo paragraphs next above, 
giving the names of the owners, stockholders, 
and security holders, if any, contain not only 
the lise of stockholders and security ho!ders 
as they appear upon the books of the company 
but also, in cases where the stockholder or 
security holder appears upon the books of 
the company as trustee or in any other fidu- 
ciary relation, the name of the person or cor- 
poration for whom such trustee is acting, is 
given; also that the said.two paragrachs con- 
tain statements embracing affiant’s full knowl- 
edge and belief as to the circumstances and 
conditions under which stockholders and se- 
curity holders who do not appear upon the 
books of the company as trustees, hold stock 
and securities in a capacity other than that of 
a bona fide owner; and this afhant has no tea- 
son to believe that any person, association, or 
corporation has any interest direct or indirect 
in the said stock, bonds, or other securities 
than as so stated by him. ‘ 

L. E. KattrerFevp, Managing Editor. 

Sworn to and subscribed before me this 15th 
day of April 1931. 

Cuarces S. Herter, Notary Public. 

My commission expires March 30, 1933. 
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MAROONED! 

On Friday evening, May 29, 1931, the International Con- 
vention of the World’s Christian Fundamentals Association, 
in Philadelphia again upheld “Noah’s Flood versus the Dar- 
win Philosophy!” 


THE GREAT EVOLUTION DEBATE 
Between Prof. Joseph McCabe and Rev. W. B. Riley, which 
Riley would not publish in his fundamentalist magazine, ap- 
peared in full in three issues of Evotution. Postpaid, 25c; 
ten or more 15c. Sells like hot cakes at meetings. We'll mail 
the three numbers containing this debate to any list of names 
for 15c a set. Fire a Broadside at your friends. 
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THE TEST 
“Do you look to authority for proof, or to proof for author- 
ity?” 
é IF YOU’VE MOVED 
Be sure to send us your old address as well as your new one 
so that we can correct our mailing list, which is arranged geo- 
graphically. If you hear any complaint about non-receipt of 
Evo.ution, please call attention to this. Many old subscribers 
will have moved since our last issue, and we shall appreciate 
your cooperation to locate them. 


HAVE YOU NUMBERS 1, 2 AND 3? 

The first three issues of Vol. I of Evorution are needed to 
fill orders for complete sets of back numbers for Libraries and 
Schools. If you will return numbers 1, 2 and 3 of our Volume 
I, we'll extend your subscription for three new numbers. Ic 
doesn’t matter if they’re soiled. No letter needed. Simply be 
sure to write your own name and address on the wrapper so 
we'll know whom, to credit. Address: Evotution, 175 Varick 


St., New York City. 
HIGH SCHOOL BIOLOGY TEACHERS 


Over two thousand copies of this issue of EvoLUTION were 
sold to High School biology students. Teachers recommend it 
because it gives the students a larger interest in the subject 
than simply making a required grade in school. Try a few 
copies in your school NOW before vacation, so that you'll 
know what to do in the fall. Rate: 12 copies for a dollar. 


MINERAL STONES FOR SALE 
One of our readers, Mr. Thomas Armett, 43 Bergen Blvd., 
West Paterson, N. J., wishes to sell his comprehensive and 
beautiful collection of mineral stones. It may be seen by ap- 
pointment. 








PLACING EVOLUTION MAGAZINE PROPERLY 


is a vital problem. Those sympathetic enough to subscribe, need it least. Whose who need it most, 
seldom subscribe. Few opponents will pay for it, but if they come across it free they’ll read and be- 


come interested. So— 


PUBLIC LIBRARIES OFFER A SPLENDID AVENUE 


to reach those who need it most. But libraries, working on budgets, cannot pay for a new journal at 
once. Yet they'll gladly place Evolution in their reading rooms if we send it. We haven’t the neces- 


saty capital, so put it up to you to 


PLACE EVOLUTION IN EVERY PUBLIC LIBRARY 


by paying for library subscriptions. There are 6,429 Public and School Libraries, as follows: 


Ala. 45; “D.C, 84 Kan 146 Minn. 
Ariz. 24 Fila. 40 Ky. 72 Miss. 
Ark. 37 Ga. 81 La. 35 Mo. 
Calif 401 Idaho 36 Me. 123 Mont. 
Colo 88 Ill. 357. Md. 60 Neb. 
Conn 180 Ind. 245 Mass 436 Nev. 
Dela. 12 Lowa 201 Mich 241 N. H. 


ONE LIBRARY FROM 


Utah d1 


191 IN. J: 198 Ore. 62 

40 N.M. 27. +~Penna 355 =Vt. 83 

169) NY. 651 RI. 64 Va. 75 
50° NAC. 94 S.C, 42 Wash. 88 
88 N. D. 43 S.D. 57 W. Va. 50 
5 Ohio 289 Tenn. 57 Wis. 226 

135 Okla 93 Tex. 191 Wyo. 20 


YOUR OWN STATE 


will go on our mailing list a year for every dollar you send. If you prefer us to supply special libra- 
ries, send us their addresses with your check and advise whether we should mention your name. 


Address: EVOLUTION, 175 Varick Street, New York, N. Y. 


APR 29 1932 


Vol. III. No. 4 MAY, 1932 20 Cents 


vy, 193] 





EVOLUTI 


A JOURNAL OF NATURE 





over a 
opular 


curate 


of the 


on for 
t with 


enehbers 
eachers 2 - 
vachers > Bo. : 4 eee Se 
eachers a : a D ess : eee 
cachers Keystone-Underwood Photo 


cen WHAT MADE THE FLOWERS? (See Page 3) 





vuchers 


iN 











Pace Two 





Scientific Advisory Board 
Anron J. Carison 

Henry E, Crampton 
Martin Dewey 

Wm. King Grecory 

Paut B. Mann 

EutHu THomMson 
Managing Editor 


L. E, KatrerFELb 





yee will note two additions to Evoturion’s editorial 
staff. Prof. A. J. Carlson, Head of Physiology Depart- 
ment of Chicago University, joins our Scientific Advisory 
Board. Dr. Henshaw Ward, author of “Evolution for John 
Doe” and “Charles Darwin: The Man and his Warfare,” 
becomes one of our Contributing Editors. Readers who know 
Professor Carlson and Dr. Ward will already appreciate our 
good fortune in securing their active co-operation. 


le RESUMING publication of Evolution we wish first to 

express our appreciation for the support of the many 
friends of science freedom whose contributions have made 
this possible. We shall strive to prove that their confidence 
was merited. We hope not only to bring Evotution out reg- 
ularly, but to make it a still better instrument for arousing 
a more general interest in natural science, and a more effec- 
tive champion of science teaching against the forces of or- 
ganized superstition. 


VEN if the fundamentalists made no fuss at all there 

would be need and a field for a natural science journal 
that is “easy to read” and always accurate. More research 
work is being done now and more exploration parties are in 
the field than ever before, and Evorution will help to pass 
their newly-found information along. There is too great a 
spread between what the scientific world accepts and knows, 
and what the mass of the people understand. EvoLuTion 
will help to bridge this gap. We hope also that teachers 
and scientists, busy with their specialties, will find Evotution 
useful for its reliable information outside their own fields. 


pe fundamentalism is neither dead nor asleep. Funda- 
mentalist magazines are constantly agitating their readers 
regarding the “dangers” of evolution, assuring them that 
“real” scientists are discarding the “theory”, and preparing 
them for the promised campaign to outlaw evolution teaching 
through popular referendum vote. This influence has tre- 
mendous effect at present through teaching in the schools. 
And in thousands of school administrations, as for instance in 
Boston. medievalism is in the saddle and prevents the High 
School biology teachers from dealing with evolution at all. 


ds only solution for this problem is general popular 

education in natural science. When a sufficient number 
of people have some inkling of what is meant by a scientific 
approach to a question instead of accepting opinions dogma- 
tically handed down by authority, this situation will chanee. 
There is literally no way to measure the far-reaching effect 
that a general recognition of man’s place in nature, as indi- 
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cated by the fact of evolution, would have upon the endeavors 
of the human race. It is a matter of surpassing importance. 


FYEN in these days of depression the work of popular 

education must go on. It is needed all the more. So, 
now that Evotution has started again, we urge every one of 
our old readers, as well as the hundreds of new ones thar 
start with this issue, to become active supporters of this great 
work. The most immediate task is to double the present 
paid circulation of EvoLtution, so as to make the journal 
self-sustaining. Please do not keep this copy to yourself, but 
show it to your friends and secure a little club of new Evotu- 
TION subscribers. And, if possible, also contribute a check 
to be used in EvoLution’s educational campaign. 


NEW EVIDENCE FOR EVOLUTION 


Perhaps the most impressive evidence for evolution is the 
fact that so many different lines of evidence from entirely 
independent fields of investigation all point to the same con- 
clusion. If there was only one chain of evidence, then a 
“missing link” ‘might be of some importance. But this loses 
its significance entirely in view of the multiplicity of inde- 
pendent proofs. 

In this issue we present evidence from a comparatively 
new field of research, about which Darwin and Huxley knew 
practically nothing. And yet everything that is being dis- 
covered today supports the view of these old masters, that 
evolution is a fact. We refer to the evidence from Parasito- 
logy in the article by Professor Robert Hegner. In our next 
issue the article by Professor H. Gideon Wells will bring 
more new evidence from Biochemistry. Although for some of 
our readers it may prove rather difficult to master this mater- 
ial, we are sure they will find it eminently worth while. And 
perhaps it will also prove entertaining to bring this new evi- 
dence for evolution to the attention of fundamentalist friends. 


SCIENCE CONGRESSES 


Three Science gatherings this summer will interest readers 
of EvoLuTIon. 

American Association for the Advancement of Science at 
Syracuse, N. Y., June 20-25. Particulars from Permanent 
Sec’y A.A.A.S., Smithsonian Institution, Washington, D. C. 

International Eugenics Congress at American Museum of 
Natural History, N.Y.C., August 22-24. Address: Third In- 
ternational Congress of Eugenics, Cold Spring Harbor, N. Y. 

International Congress of Genetics at Ithaca, N.Y., Au- 
gust 24-31. Information from C. C. Little, Sec’y, Jackson 
Memorial Laboratory, Bar Harbor, Maine. 
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PAGE THREE 


the Flowers? 


By HENSHAW WARD 


ec ANYONE asks what made the leaves of plants, he is 

proposing a question that has no answer, for no one can 
tell how leaves happened to come into existence. But 
botanists know that “What made the flowers?” is one of the 
most pregnant queries ever put by a naturalist, and that the 
answer is the prettiest one in the domain of evolution. Insects 
made the flowers. 

Before this answer can be understood, we must know what 
a flower is. It is an apparatus by which plants make seeds. 
There is a bewildering variety of flowers, working in various 
ways; but the most common kind, the kind with which this 
article deals, consists of two organs. One of these, called a 
stamen, produces the male element that goes to the making 
of an embryo. At the top of the stalk of a stamen is a knob 
in which are fine grains of pollen. These grains correspond 
to the male element, the sperms, in animals. The second 
organ, called a pistil, produces the female element that goes to 
the making of an embryo. At the base of its stalk is an ovary 
which contains eggs that are waiting to be fertilized. 





Botany for Colleges—Ganong: Mucmillan 

In flower at left, Salvia pratensis, hinged lever arrangement brings 

stamens down on body of bee. Moth in Yucca flower at right, carries 
pollen from another flower, tamps it down and lays egg in it. 


If you look closely at a typical flower—say a wild rose— 
you will see at the base of the colored petals a circle of several 
dozen stamens, each of which is a little stalk that bears aloft 
its pollen-sac. Within this circle of stamens is a cluster of 
pistils; each of them is rough and sticky on the upper end of 
its stalk, and each one terminates below in an egg-sac. The 
business of every stamen is to convey its pollen to the top of 
some pistil; the purpose of every pistil is to capture a pollen- 
grain that will fertilize its egg. Unless the egg is fertilized 
by pollen, it is barren and cannot produce a seed. This 
process of fertilizing is called “pollination.” And the need 
of pollination is the origin of all the colored flowers. 

If you think of an ear of corn, you can realize what pol- 
lination means. On the cob of the young ear were clustered 
a dozen rows of pistils waiting to be fertilized. From each pistil 
extended a long, delicate thread, which reached to the end 
of the cob and stretched out into the air. We call this set of 
pistils the “silk” of the ear. Two feet above the ear, at the 
top of the cornstalk, was a cluster of stamens, which we call 
the “tassel.” When mating-time comes for the plant, the 
pollen-sacs of the tassel open and spill their contents. The 
microscopical grains float down through the air. When one 
of them lights on the tip of a thread of silk, it is straightway 
transformed into a thing of life. It sends out a most slender 


and delicate tube, so small that it can force a passage down 
through the core of the silk thread, dissolving, really eating, 
its way along the whole length until it reaches the egg. There 
its nucleus combines with the nucleus of the waiting egg. And 
what then? At that moment the embryo of a new kernel of 
corn is created. This grows as the weeks pass until it be- 
comes one of the hundreds of juicy kernels that are set on 
the surface of the cob. If it is not gobbled by hungry animals, 
but is allowed to grow hard, is kept through the winter, and 
put under ground next spring, it will sprout and grow into 
a new cornstalk. 


Thus we see that a corn“plant is complete within itself: its 
ovaries are fertilized by its own pollen. If one cornstalk stood 
all alone in the midst of a large space, it could be self- 
sufficient with its own pistils and stamens. Yet in an ordinary 
cornfield, on a windy day when the tassels are ripe, the air is 
full of pollen, and many silky pistils are fertilized by pollen 
that is blown from another plant. Such pollination is called 
“cross-fertilization.” Some plants cannot be fertilized by their 
own pollen; and experiment has shown that most plants are 
more surely and richly fertilized by the pollen from another 
plant. The general rule of nature is that most plants re- 
quire, or are better off with, cross-fertilization. Grasses and 
trees send out in the spring vast numbers of pollen-grains, 
which fill the air in uncounted millions. The pine, for ex- 
ample, commits to the breezes a kind of pollen-grain that is 
wafted by means of air-sacs on either side of it. Perhaps only 
one in a million finds a pistil. It is a fearfully extravagant 
method, but it succeeds. It accomplishes the cross-fertilization 
that plants are in need of. 

Plants with conspicuous flowers are not so extravagant. 
They have found a cleverer way of conveying pollen. They 
lure and bribe insects to do the carrying. Watch this bee that 
is buzzing up to a head of clover. She has been attracted by 
the bright red spot in the landscape, for she knows that it 
advertises food. She likes the odor, because it certifies to the 
presence of food. She confidently runs her tongue into the 
bell of one of the flowerets. and finds, sure enough, a sip of 
the nectar that she can convert into honey. That is all she 
thinks of—nectar. But the flower has quite other thoughts. 
It quickly sticks some pollen-grains on to the bee’s head. The 
bee flies to another flower. As she presses eagerly forward 
for the next drop of nectar, some of the pollen-grains that 
she has been transporting are rubbed off and gathered in by 
the rough, sticky tops of the greedy pistils. The bee has, all 
unconsciously, accomplished cross-fertilization for the clover. 

If botanists knew only of the ways in which insects carry 
pollen for clover and roses and buttercups and lilies. they 
would never suppose that they knew the answer to “What 
made the flowers?” They might guess that these four flowers 
had developed, through a long course of evolution, such 
showy and sweet-scented mechanisms as were adjusted to the 
taste of insects, that the blossoms had been gradually shaped 
by ‘the success of those plants that varied in such ways as to 
grow more and more attractive to insects. It might be a likely 
guess that insects. by avoiding the less pleasant flowers and 
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visiting the more pleasant ones, had actually shaped and 
colored and given odors to the blossoms that catered to their 
preferences. But this would be only a guess. Until many 
naturalists had studied thousands of species of plants for 
almost a century, they were not well-enough informed to 
establish a reliable theory of how the insects made the flowers. 
But sixty years ago they had acquired so much knowledge of 
the relations of plants to insects that they felt pretty confident 
of the theory—which Darwin first elaborated. Since then all 
added knowledge of botany confirms Darwin’s theory, and no 
knowledge has run counter to it. Today every botanist as- 
sumes that flowers were developed, in the course of millions 
of years, by the adaptations that plants made for inviting 
and employing and rewarding the insects. 

In this brief article we can look at only a few examples of 
those thousands of devices which have been evolved by plants 
in their efforts to use insects as pollen-carriers. 

A series of five facts should be clear in a reader’s mind if 
he is to realize the meaning of the devices. (1) The sweet 
juice of flowers, the nectar, is the material from which honey 
is made; and honey is the only food of bees in a state of 
nature; honey is for them a matter of life and death. They 
drink the nectar, convert it into honey, and store it in the 
comb to support life through the winter. (2) Pollen is the 
source of the “bee bread” on which the young bees are fed. 
(3) The whole duty of worker bees—to which they devote 
incessant labor so long as they live—is to bring nectar and 
pollen to the combs. (4) The whole anatomy of a worker is 
an apparatus for extracting, carrying and converting the food 
that is found in flowers. The mechanisms and instincts of a 
bee are all directed to one end: making successful visits to 
flowers. (5) All insects that depend on flowers for a living 
are, like the bees, engaged in the most serious business of 
their lives when they visit blossoms: if they do not secure 
food, they die. 

And it is equally true of all those flowering plants which 
depend on insects for pollination that they will die if they 
do not persuade the insects to visit them. Flowers and insects 
are engaged every minute of their fives in an unrelenting 
struggle to exist. If we find them adapted to each other’s 
needs, we can be sure thar the adaptation is not a chance and 
not a joke; it must be a result that has evolved in the course 
of the long ages of fierce competition to survive. 





“One Way Passage” of bee through lady-slipper flower. 
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Think of a flower whose stamens wither before the pistils 
are ripe for pollen. It can never fertilize itself. The species 
would die next year if the blossoms did not succeed in entic. 
ing bees to come to them. A bee has been visiting blossoms 
in which the stamens have skilfully deposited pollen on her 
head; she comes to these waiting pistils that are surrounded 
by dead stamens; she rubs off pollen on them; the flowers are 
fertilized. No botanist can conceive that a flower has had 
this remarkable adaptation from the beginning of time; ir 
must have evolved at some period in the history of the 
species. And there is no way to imagine the evolution except 
to suppose that all flowers which varied toward this arrange- 
ment were more likely to have descendants that would con. 
tinue to vary still further in that direction. We can only 
imagine that the species was thus transformed by adjusting 
itself to the tastes of insects. 

Look at a flower which does not open until nightfall. Ir 
has no gay colors, for they would not be visible; it has the 
light yellow color that is most prominent in the starlight; it 
has a strong odor; its nectar is at the bottom of a long tube. 
It could never have been developed by its need of bees or 
wasps. Its color, time of opening. odor, position of nectar 
—all are adjustments to invite a certain kind of night-flying 
moth. All its structure and habits have evolved as a response 
to what this moth desires. 

There are many plants that have developed ways of fenc- 
ing out unwelcome ants from the store of nectar—barriers of 
bristly or tanglefoot hairs. Yet these flowers are so con- 
structed as to admit the long proboscis of the bee. They have 
been shaped in a complicated and accurate way by the attacks 
of enemies and the visits of friends. 

In some flowers the petals form a cap over the stamens. 
and this cap is so delicately adjusted that it is thrust aside 
by the landing of a bee. Instantly the released stamens fly 
up, strike the bee in the chest, and dust her with pollen, 
which will fertilize the next flower she visits. Another similar 
arrangement is a set of stamens that fly up and strike when 
their base is touched. One of the set of stamens in another 
flower is provided with a trigger. so set that when the bee’s 
proboscis stretches down for nectar it strikes the trigger and 
sets all the stamens to vibrating. 

When you see an orchid in a florist’s window, you are look- 
ing at one of the family of plants that have gone furthest 
in inventing machinery to work tricks on bees. One of them 
actually provides a pool of water, on the brink of which is 
some food that bees are eager to gnaw—so eager that they 
often push each other into the water! When their wings are 
draggled, they can leave the flower only by a tunnel near 
the overflow spout. In this tunnel the pollen is stuck to their 
backs, and so will be carried to another flower and fertilize it. 

In some of our American swamps there is a delicate little 
flower called “sundew,” because on the surface of its leaves 
there are drops of sparkling white. These drops are so sticky 
that they can hold on to the feet of insects; the hairs on the 
surface of the leaf then fold over one by one and strangle the 
insect; the plant digests its victim. It has evolved a trap and 
digestive fluids that enable it to eat meat. Many other plants. 
of very different kinds, have developed other methods of 
catching and eating insects. For example, the butterwort— 
which has to rely on insects for carrying its pollen—captures 
other insects by snapping leaf-edges over them while their 
feet are caught in a viscous fluid. 
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There are African plants that have immense pulpy blos- 
soms a foot in diameter—ugly in shape, unpleasant in color, 
and smelling like rotten meat when the pistils need pollen. 
They are disagreeable to human beings, but flies cannot 
resist the odor. Flies visit flower after flower, carrying the 
pollen that clever stamens load them with, brushing off the 
pollen on the eager pistils. The plant is a swindler; for it 
promises carrion on which flies can lay eggs, but it gives 
nothing. This curious adjustment of a flower to meet the 
instincts of flies can only be a product of gradual evolution. 

Another rascally flower, in England, plays another kind of 
confidence game. It coaxes flies to craw! down its throat. 
They pass quite easily through a ring of hairs that point 
downward, but they cannot climb out again because those 
same hairs are now pointed at them and block the way. A fly 
thus imprisoned must wait until the stamens ripen and dust 
him with pollen. Then the flower pays its bill with a few 
drops of nectar; the hairs shrivel up; the fly escapes and soon 
is down the throat of another flower that captures it and 
appropriates the pollen it brings. If all flies were teachable 
and would not venture a second time into the kind of flower 
that had deceived them, no such trick could have evolved. 
Flowers have been adjusted to the peculiarities of insects. 

Sometimes the relation between flower and insect is roman- 
tically useful to each party. An illustration is a yucca called 
Spanish bayonet that grows throughout the Southwest. It is 
entirely dependent for fertilization on a small white moth 
which collects pollen, carries it to the pistil of another plant, 
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and there tamps it down carefully. Why is the moth so ob- 
liging? Because she is making a place to lay an egg. When 
the egg hatches, the larva eats some of the seeds, but not all. 

Such a marvelously exact adjustment of plant to insect 
seems purposeful. It is hard to believe that the moth has 
not reasoned out what she is doing. But of course she has 
not done, she could not conceivably do, anything of the sort. 
For every such provident action by an insect is known to be 
a matter of inherited instinct, which is obeyed without any 
knowledge of what the result is to be. The instinct could only 
have been developed by a process of evolution, in which 
the favorable variations of stamens and pistils and egg-laying 
desire were adjusted to each other. The plant that furnished 
more enticing pollen would have more descendants; its type 
would increase in numbers and would tend to produce still 
more enticing pollen. Likewise the moth that managed the 
pollen best was more likely to have successful descendants. 
Each plant or insect that inherited a tendency toward better 
co-operation was more likely to have offspring, and these 
descendants were increasingly likely to inherit the traits that 
made co-operation still nearer perfect. ; 

This theory can explain every case of the adaptations of 
plants to fertilization by insects. No other theory can account 
for the adaptations. If there were a botanist who rejected 
the theory because it seemed too miraculous, he would have to 
do his scholarly work in the dark. All his fellow botanists 
live in the light of a theory that helps them understand how 
nature operates. They can see how insects made the flowers. 


The Tale of the Horse 


By ALLAN BROMS 


UTWARDLY we see little likeness between man and 
the horse, but inwardly they are much alike. We see, 
outwardly, that the horse has four legs and man but two. 
What we forget, for the moment, is that man’s arm was, not 
long ago in his evolutionary history, just a front leg which 
has become arm only recently by his uprearing to the erect 
attitude. But let a horse uprear that way, then look through 
him to his skeleton, and you will see the resemblance in 
nearly every part. Proportions have changed, especially in 


the skull, and the horse has lost some teeth, and leg and\ 


arm bones. Otherwise they are strikingly alike. At the 
American Museum of Natural History you can make this 
comparison, for they have mounted the skeletons of a man 
and a rearing horse side by side. The marked likeness shows 
our remote kinship, while the differences are important in 
their emphasis of the recent evolutionary changes which made 
man aman and the horse a horse. But here I will tell 
only The Tale of the Horse. 


The horse is distinctive in having but one toe to each 


foot and in his unusual teeth. Both are parts of the same AM 
story. Already, back in 1870, Thomas Henry Huxley, the~ & 


great evolutionist, realised what that story must be and fore- 
told that we should find the fossil remains of a series of in- 
creasingly horselike creatures that began with a normal five- 
toed animal having just ordinary mammal teeth. At that 
time only one fossil of this series had been found, but it was 


not even recognised as an early horse. Now, however, we 
have a very complete fessil record, largely dug out of our 
Western bad-lands. where the arid soil lacks grass roots to 





Courtesy American Museum of Natural History 


Modern Horse Compared with his early ancestor, Eohippus. 
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bind it together and the occasional rainstorm torrents cut 
the loose soil away quickly, exposing the fossil bones. 
Dozens of species have been found, most of them side 
branches on the family tree of the horse. We must stick to 
a very few along the direct line of descent. Eohippus, mean- 
ing the “dawn horse,” is the earliest, living during the Eocene 
Epoch, some fifty million years ago, in our Western states, 
where the evolution of the horse seems to have occurred. He 
was somewhat larger than a big cat and had an arched back. 
However his feet and teeth were not cat-like, but belonged 
to a browsing, hoofed animal. There were not five toes on 
a foot, he was too far along in his evolution for that, but 
he did have four on each front foot and three on each hind 
foot. His brain was well developed for his time, a sure sign 
that he was active and swift, to make up for his smallness. 


From this beginning, we can now trace the changes that 
came on progressively up through the geological epochs, 
which for us means up through the geological strata or layers 
of the earth crust, for the top layers are of course most re- 
cent. There was an increase in size, but only up to a limit 
consistent with swiftness. Orohippus, the “mountain horse”, 
and Epihippus, the “upon horse”, were just a bit larger than 
Eohippus. By the Oligocene and Miocene Epochs, about 
twenty million years ago, Mesohippus and Miohippus were 
already the size of sheep, and though they had three toes on 
each foot, the two side toes were getting smaller and much 
of the weight was carried on the middle toe. Hypohippus 
came a bit lacer, as large as a pony, its middle toe looking 
more like a hoof. And so time and change went on until 
the horses of today have nearly lost their side toes. I say. 
“nearly lose” them, for remnants remain as the two spline 
bones now entirely buried in the flesh. Now and then some 
horse of today reverts to his ancestors and is born with extra 
toes on his feet. Julius Caesar owned such a horse and 


more are on record. 





Courtesy American Museum of Natural History 


Evolution of Hind Foot of Horse 
Eohippus, Mesohippus, Miohippus, Merichippus, Hipparion, Equus. 
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You may talk about your old families, but none can ride 
the high horse on the horse; he has a pedigree that stretches 
back at least fifty million years. But properly, like other 
folks with ancestors, he has little reason to take pride, for 
he had nothing to do with it himself. After all, we are all 
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creatures of conditions, made by our environments which 
make demands that we must needs meet, or die out. If our 
variations change us in the right directions, we survive, if 
not, our careers end. A change of climate made the horse. 

When Echippus made the start, our Western country was 
low and swampy, just emerged from the sea, for the earth 
crust here was rising. The climate was moist and the country 
forest-covered. In these woods, Eohippus hid, alert and 
quick on the get-away when he was discovered. His coat 
may have been striped like a zebras to help him hide. His 
wide, three- and four-toed feet kept him from sinking into 
the soft ground. He browsed on leaves, which are soft, so 
his teeth were a browser’s teeth, more like those of a tapir 
than a modern horse. 

But not only were the swampy forest lands rising; a 
mountain range was being uplifted to the West, cutting off 
the moist winds of the Pacific, causing a dry climate which 
discouraged the forests. Slowly the woodlands gave way to 
the grasslands, and the horse found himself out in the open, 
exposed to many dangers, among shem a shortage of leafy 
food. To survive in this environment, he had to acquire speed 
for escape and for rapid ranging for his food supply, and 
had to develop teeth for grinding grasses. The horse perforce 
became a grazing animal instead of a browser. His teeth dis- 
close that conclusively. Up front they became sharp for 
cutting. Then came a toothless space, where we place our 
bridle bits. And way back, where the jaws have a strong 
leverage, came the grinders. They became strong, fitted for 
tough, hard food. The grinders have rough surfaces of com- 
plex pattern, due to unequal wearing down of the twisty 
alternating edges of glassy-hard enamel and the soft dentine 
and cement between. In the early horse, the surface patterns 
were simple, but as they evolved, the patterns became complex 
and more horse-like in the modern sense. Also they became 
longer in root and crown, permitting them, after their ori- 
ginal growth to maturity, to move instead of grow outward 
for many years as their surfaces wore down. Altogether, the 
teeth became fit for cutting and grinding great quantities of 
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hard and relatively innutritious grasses of the plains, instead 
of the soft green leaves of the forests. Necessarily the horse, 
in order to survive, eventually had to become a grazer with 
the new kind of teeth. Burt old ways cling and some horses 
remained browsers in the remnants of forests that lingered 
for a long time. Nature tried out both experiments, but 
finally the drying climate rendered a decision in favor of the 
swift, grazing plains horse that we know. 


For the horse was gaining swiftness. Increased size helped, 
but the changes in his leg machinery were also important. 
Eohippus was really heavyfooted, for he had a lot of bones 
down in his foot. But evolution slowly got rid of this excess 
weight, making the horse literally light-footed. If you want to 
know how foot-weight handicaps, tie weights on your ankles 
and try to run. Another aid was that even Eohippus walked 
on his tip-toes, for the horse’s hock, half way up his leg, is 
really his heel. On the dry, grassy plains, the ground was 
hard, and even the narrow hoof of the middle toe would not 
sink in it. Besides there was less danger of turning the ankle 
and other joints on rough ground when the wide foot had 
been gotten rid of. The joints themselves also changed to 
prevent turning the ankles and similar injuries. With such 
joints, he need put forth no effort to keep his legs straight 
sideways, all his muscles can be devoted to moving forward, 
to give him speed. Mechanically, he is a marvelous adaptation. 
He is “on his toes,” light-footed, without waste muscles, 
strong and full-lunged to travel fast and far, to escape his 
enemies, to cover a wide grazing range. 


Nature made parallel experiments with several relatives 
of the horse who were also having a bad time of it in the 
new hard conditions. Among them was a rhinoceros, small 
and horse-like, swift on his feet, but somehow not good 
encugh to survive in the severe struggle. Some of the re- 
latives went in for brainless bulk, the heavy-footed Titan- 
ctheres for instance, but they starved to death on the widen- 
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ing grasslands, there being just too much bulk to feed. An- 
other relative, the tapir, had specialised too well, found him- 
self unable to adapt himself to the new world, and nearly 
died out. 

In the end, the horse also died out in America where he 
had evolved, but not before he colonised Asia and Africa 
with wild species such as the ass and zebra and of course 
the direct ancestors of our modern horses, whom man has so 
changed that we hardly know what they looked like. At first, 
for perhaps fifty thousand years, man just hunted the wild 
horse for food, and but recently learned that the horse was 
worth more alive than dead, when he harnessed the horse’s 
strength, placed his burdens on the strong back and finally 
mounted there himself adding greatly thereby to his own 
powers and prowess. It can safely be said that, without 
that humble burdenbearer and mount, man could not have 
built Western civilization, for his own puny strength was 
unequal to the tasks he undertook. 

Having domesticated the horse, man took him along to 
every corner of the globe, — repeopling (or should we say 
“rehorsing”) North and South America. He also remade 
the horse by selection to suit his own purposes: the heavy 
Percheron draft horse, a mountain of strength, that delicate 
speed-machine, the race horse, and the tough little Shetland 
Pony, sure-footed, heavy-coated, fit to survive where going is 
hard. But now that man has built himself new horses of 
steel, machines that swim or fly, that eat coal or oil, that 
can be given any strength and much greater speeds, man is 
discharging his good servant, Old Dobbin, to a lesser place 
in the world. For man, as master, remakes his world to meet 
his own desires. He became master by developing a hand 
instead of a hoof, but that is another story. However, let us 
not take too much pride in that, for we are just the lucky 
favorites of fortunate circumstances that made us into men. 


This was a radio talk by Mr. Broms. He speaks over WOR 
every Saturday at 6:30 P. M. Listen in 
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Parasitology Shows Kinship of Monkey and Man 


By ROBERT HEGNER 
Professor of Protozoology in the Johns Hopkins University School of Hygiene and Public Health 


il gies association of two types of animals in nature is a 

very common phenomenon. In many cases this associa- 
tion does no harm to either party and may even be mutually 
beneficial, but occasionally, just as in human society, one 
member of the association lives at the expense of the other. 
Such an organism is known as a parasite and the animal it 
lives on is called the host. 

Animal parasites belong principally to three groups in the 
animal kingdom, protozoa, worms, and insects. Everyone is 
familiar with worms and insects, but protozoa are invisible 
to the naked eye and hence are never seen except through a 
microscope. I shall refer in the following paragraphs only 
to the protozoa that live in monkeys and man. 

Protozoa are the most primitive of all animals. They dry 
up very quickly and die if they are deprived of water, hence 
they are to be found only in ponds, streams, lakes, oceans, 
etc., and in places that are always moist. ast numbers of 
protozoa live in both fresh water and salt water. These are 
called free-living protozoa. Other protozoa, the parasites, 
live inside of the bodies of animals that live on land, and 
both inside and outside of animals, such as fish, turtles and 
whales, that live continuously in the water. 

Every species of animal that has been carefully studied has 
been found to harbor protozoa within its body. In some cases, 
every individual animal belonging to certain species is para- 
sitized. For example, certain white ants or termites, have 
their intestines loaded with protozoa that aid in the digestion 
of their food. This may be considered the normal condition 
for the white ants. The white ants die if they are deprived 
of their protozoa, hence every living termite of this type 
must be a host to large numbers of protozoa. 

Among other species of animals, parasitic protozoa may ot 
may not be present. Usually the life of the host does not de- 
pend on the protozoa nor do the protozoa injure the host 
perceptibly. As a matter of fact, most protozoan parasites 
appear to be harmless, a sort of equilibrium having become 
established between the protozoa and their hosts which allows 
the protozoa to live and reproduce successfully but does not 
inconvenience the host to any extent. A few protozoa are 
harmful to their hosts and are said to be pathogenic. Among 
the pathogenic protozoa of man may be mentioned those that 
are responsible for amoebic dysentery, malaria, kala-azar, and 
African sleeping sickness. Domesticated animals are injured 
by such protozoa as those that cause coccidiosis in chickens, 
Texas fever in cattle, and sarcosporidiosis in sheep. 

The protozoan parasites of man have been studied more 
thoroughly than those of any other animal. They can be 
separated conveniently into two types: those that live in the 
digestive tract and are commonly called intestinal protozoa 
and those that live in the blood and are referred to as blood- 
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inhabiting protoza. The protozoan parasites of monkeys and 
many other lower animals have also been carefully studied. 
The following table presents in orderly fashion the names 
and location in the body of the protozoa that are known to 
live in monkeys and man. 


Type of Present in 

Scientific Name Protozoon Localization Man Monkey 
Trichomonas buccalis Flagellate Mouch Yes Yes 
Endamoeba gingivalis Amoeba Mouth Yes Yes 
Giardia lamblia Flagellate Small intestine Yes Yes 


Isospora hominis Coccidium Small intestine Yes No 


Endamoeba histolytica Amoeba Large intestine Yes Yes 
Endamoeba coli Amoeba Large intestine Yes Yes 
Endolimax nana Amoeba Large intestine Yes Yes 
Iodamoeba_williamsi Amoeba Large intestine Yes Yes 
Dientamoeba fragilis Amoeba Large intestine Yes Yes 


Trichomonis hominis Flagellate Large intestine Yes Yes 
Chilomastix mesnili Flagellatce Large intestine Yes Yes 
Embadomonas intestinalis Flagellate Large intestine Yes Yes 
Enteromonas hominis Flagellate Large intestine Yes Yes 


Balantidium coli Ciliate Large intestine Yes Yes 
Troglodytella abrassarti Ciliate Large intestine No Yes 
Troglodytella gorillae  Ciliate Large intestine No Yes 


Trypanosoma gambiense Flagellate Blood stream Yes Yes 
Trypanosoma rhodesiense Flagellate Blood stream Yes Yes 
Trypanosoma cruzi Flagellate Biood stream Yes Yes 
Leishmania donovani Flagellate Bloodandtissue Yes No 
Leishmania tropica Flagellace Blood and tissue Yes No 
Leishmania brasiliensis Flagellate Blood andtissue Yes No 


Plasmodium vivax Sporozoon Blood cells Yes Yes 
Plasmodium malariae Sporozoon Blood cells Yes Yes 
Plasmodium falciparum Sporozoon Blood cells Yes Yes 
Babesia_ pitheci Sporozoon Blood cells No Yes 
Sarcocystis (?) Sporozoon Muscle tissue Yes Yes 
Trichamonas vaginalis  Flagellatce Vagina Yes Yes 


This list is not final since we are still studying these or- 
ganisms and continually learning more about them. How- 
ever, on the basis of our present knowledge, we may state 
that of the twenty-eight species of protozoa listed, all but 
three have been reported from man and all but four have 
been found in monkeys. 

This condition is very different from that encountered when 
one compares the protozoa of man with those of any other 
animal. For example, the protozoa that have been reported 
from the pig include the following: 

1) Eimeria debliecki—Coccidium 
2) Endamoeba polecki—Amoeba 
3) Iodamoeba suis—Amoeba 

4) Trichomonas suis—Flagellate 
5) Balantidium coli—Ciliate 

6) Trypanosoma brucei—Flagellate 
7) Trypanosoma evansi—Flagellate 
8) Babesia sp.—Sporozoon 

9) Sarcocystis sp.—Sporozoon 

Only one of these is known with certainty to occur in man, 
namely Balantidium coli, in spite of the fact that man and 
pig are very closely associated and must often be inoculated 
with each other’s parasites. A similar condition is met with 
when the protozoan parasites of man are compared with those 
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of dogs, cats, rats, mice, horses, cattle, and other animals 
closely associated with man. Protozoa that live in man are 
practically unknown among wild animals. 

The significance of this situation is made clear when the 
parasites of nearly related animals are compared. Suffice it 
to state that the more closely related animals are according 
to their arrangement in the animal series on the basis of 
organic evolution, the more nearly similar are their protozoan 
parasites. We know this to be true. These facts can be 
stated in another way, namely, the more alike the protozoan 
parasites of two species of animals are, the more nearly are 
the two species related. Hence the extraordinary situation as 
regards the protozoan parasites of man and monkeys noted 
above can lead to but one conclusion, and that is, that man is 
more closely related to monkeys than to any other type of 
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lower animal. The data obtained from our studies of proto- 
zoan parasites thus add very important evidence of the kinship 
of monkeys and man to that already supplied by anatomy and 
embryology. 

Those who wish further information on this subject are referred 
to the following books and magazine articles. 

The evolutionary significance of the protozoan parasites of mon- 


keys and man. By Robert Hegner. Quarterly Review of Biology, 
Vol. Ili, June 1928, pp, 225-244. 

A comparative study of the intestinal protozoa of wild monkeys 
and man. By Robert Hegner and H. J. Chu. American Journal of 
Hygiene, Vol. XII. July 1930, pp. 62-108. 

Protozoology. A reference book in two volumes by C. M. 
Wenyon. 1926. 

Human Protozoology. By Robert Hegner and W. H. Taliaferro. 
1924. 


These drawings were all made from specimens that had been fixed on glass slides and stained with hematoxylin. They are greatly enlarged. 
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Protozoan parasites that occur 


occur in both man and monkeys, 
—1. Troglodytella, a ciliate thac 
lives in the Jarge intestine of 
monkeys but not of man, 

—z2. Isospora hominis, a cocci- 
dium from the small intestine of 
man, but not yet reported from 
monkeys. 

—3, Babesia parasites like those 
found in the red blood corpusc- 
les of monkeys but not in map, 


Flagellates that occur in both man and monkeys. 

—1l. Trichomonas, similar to species that occur in the mouth, 
large intestine and vagina. It is not known for certain whether these 
flagellates are harmful or not. 

—z2. Chilomastix, an inhabitane of the large intestine. Its patho. 
genicity is doubtful. 

—3. Giardia, a flagellate chat lives in the small intestine and prob- 
ably sometimes gives rise to “flagellate diarrhea”. 

—4, Trypanosome flagellates that cause African sleeping sickness. 

—5. Embadomonas, a harmless inhabitant of the large intestine. 

—6. Leishmania, a flagellate causing kala-azar and oriental sore. 


both in man and monkeys. 
—1. Endamaeba coli, an amoeba 
from the large intestine. 

—2. Balantidium coli, a ciliate 
that lives in the Jarge intestine 
where it brings about a type of 
dysentery. 

—3, A malarial parasite within 
a red blood corpuscle, 

—4. Spores of sarcosporidia ob- 
tained from muscle tissue. 
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Wea Burroughs tells us that the West is full of Geology. 
So is the East for that matter, but in the West we see 
Mother Nature in her youth, unclothed, raw, angular. In 
the East she has taken on a mature rotundity and clothed 
herself with a becoming mantle of green. In the eastern 
landscape life predominates while the West is stark and bare, 
less modified by the softening influences of plant and animal 
life. The West is the paradise of the geologist, for in it the 
great earth book has been stripped of its covers and its pages 
lie open for all who care to read and take the trouble to 
understand its story. More pages of the earth’s history are 
exposed in the Grand Canyon of Arizona than in any other 
part of the world, yet half of the chapters are missing. 


To the tourist the Grand Canyon is merely a great gash in 
the earth’s surface about a mile and a quarter deep, from ten 
to twelve miles wide and over two hundred miles long. The 
south rim at El Tovaris is 6866 ft. above sea level, the north 
rim 1000 ft. higher. Resisting the temptation to dwell on 
the sublimicy of the awe-inspiring spectacle which is felt as 
well as seen we turn at once to the study of its history. 


Aided by rain, frost, wind and chemical action, the Colo- 
rado river with its tributaries has been at work for ages cut- 
ting away the rock and carrying the debris toward the sea. 
In the absence of the retarding effect of vegetation, rain cuts 
its own channels which become deeper year after year, a pro- 
cess that can be seen on any uncovered country road. In the 
West it is not unusual to cross the dry bed of a river that 
after a few hours of rain will become a turbid torrent flow- 
ing swiftly in narrow channels and carrying a heavy load 
of scouring material. The rivers all over this region cut out 
and flow in gorges with almost perpendicular walls. 

Descending into the Canyon by the Bright Angel trail, 
even the most casual observer can see in the varied colors 
of the rock layers that the Canyon has a history, and little 
reflection is needed to show that the beginning of that history 
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The Story of the Grand Canyon 
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must be at the bottom where the Colorado river is busy with 
the continuation of it. At the river level we are standing 
on the very cellar floor of the earth, so far as the geologic, 
has been able to read the story, the Archeozoic. 

No recognizable fossils have been found in the Archeozoic 
rocks, although there is indirect evidence that life already 
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Photo by U. S. Geological Survey 
Grand Canyon of Colorado River in Arizona. 
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mained undisturbed, between Grand 
View and the mouth of the little Colo- 
rado river, the Proterozoic rocks have a 
thickness of 12,000 ft. Within that 
range, which perhaps covers a greater 
length of time than all of the subse- 
quent formations put together, the first 
fossils appear in the form of Algae and 
primitive invertebrates. Ascending, the 
upper layers of the Paleozoic are 
reached, with fossil forms appearing 
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successively as primitive invertebrates, 
hoe higher invertebrates and fishes. In 
= depth this covers over 4000 ft. and 
brings us to the Permian which is the 
highest of the Paleozoic rocks. Here 
Dr. Chas. W. Gilmore, curator of ver: 














Columnar Section, showing position and structural relations of Grand Canyon rocks. 


tebrate paleontology of the United 
States National Museum, has collected 
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and forwarded to the museum several tons of slabs collected 
along the Hermit Trail, all showing fossils and foot prints, 
most of them by large amphibians now extinct. 

There are no modern mammals nor flowering plants repre- 
sented in the canyon walls as the rim is composed of rocks 
belonging to the Triassic period which antedated the develop- 
ment of such forms. Over a mile of rock is there, but the 
remaining mile of later deposits is nowhere represented in the 
Canyon walls. To find it we must travel north to the high 
plateau in Northern Utah and ascend a gigantic stair whose 
steps are made of the Jurassic, Cretaceous, and Eocene, to a 
point one mile higher than the Canyon rim. 

Beginnig with the lowest stratified rock in the Canyon, 
there is layer after layer of limestone, sandstone or shale, 
with occasional intrusions of lava, gneiss and schist. All of 
this represents the deposits in water of the debris of earlier 
rocks, the first of which (Cambrian) is placed by Barrell at 
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550 to 700 millions of years ago. Assuming that the Canyon 
area was at one time made up of rocks separating the entire 
geological series, there must now be enough time allowed for 
the denudition of one mile of rock until the Triassic is 
reached. Then the story of the Grand Canyon itself really 
begins. Add the time that it took the Colorado river to 
scour out the present chasm a mile and a quarter deep, with 
the process still going on, for it is deeper today than it was 
yesterday. Years in Geology mean as little as miles in Astro- 
nomy and both may be subject to error. This much however 
is certain, the story of the Grand Canyon must be read in 
terms of hundreds of millons of years, emphasizing once 
more the fact that the earth’s history can only be read by 
the eye of the scientist and interpreted by his type of mind. 
The hasteless, restless factors of geological change have been 
writing all through the ages a flat contradiction of all ac- 
counts of miraculous creations. 


Biochemistry Supports Evolution 


By H. GIDEON WELLS 


Professor of Pathology, University of Chicago 


N 1859, when Darwin put the subject of evolution on the 
front page of the daily papers and on all the pages of the 
religious journals, biologic science was mostly a matter of 
morphology and classihcation, as befits a young science. 
Physiology had not become sufficiently developed as a distinct 
field of science for the establishment of a Physiological So- 
ciety of London until 1875, four years after Darwin’s second 
great contribution, The Descent of Man, had been published. 
Necessarily the considerations of evolution in its early 
years were based on the evidence then available, which was 
almost exclusively structural, and because of this sort of en- 
vironment in infancy its subsequent career has largely de- 
pended on morphological contributions and considerations. 
But in 1926 Leathes in his presidential address to the Section 
on Physiology of the British Medical Association pointed out 
that “natural selection applies to the survival of chemical 
forms of living matter as it does to complex living organisms. 
... Function alone gives permanence to structure.” Therefore 
it is essential that function, with all that it involves, receive full 
consideration in working our the course of the evolution of 
the living world of today. 


Origin of Living Matter 

Biologic function certainly depends more on. chemical 
Properties than on anatomic organization. Formless enzymes 
may function actively, whereas the most elaborate anatomic 
structures in our museum jars function not at all, because 
their enzymes are dead. The evolution of life presumably had 
first to be the evolution of proteins, carbohydrates and fats, 
which then somehow constituted the living, probably at first 
formless, matter, and these were the important first steps in 
evolution. All the later strange divergencies into such elabo- 
rate creatures as cabbages and kings are of minor import. 

Therefore one turns to chemistry to see if it can offer a 
solution of the problem of the origin of life. Such explana- 
tions of the origin of life on the earth as that it is the result 
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Excerpts from article in Archives of Pathology, May 1930. 


of the transportation of spores by meteors or star dust, even 
it true, are no solution, since they merely push back the ori- 
gin of life to some other part of the universe. One may sus- 
pect that the origin of life was the sequel of the formation of 
inorganic colloids, which served as the antecedents of the 
formation of organic colloids. 

The evidence of geology clearly shows that life in some 
form appeared promptly when conditions of temperature 
made it possible, since the oldest sedimentary rocks show 
that already there were living forms that had much to do with 
the formation of these early strata of the world’s crust. Un- 
der the influence of light, formaldehyde polymerizes to 
produce substances which reduce copper solutions as do the 
carbohydrates. It is further possible for this formaldehyde in 
the presence of nitrates or nitrites to produce substances that 
can build up to form amino acids, and hence the funda- 
mental steps in the evolution of carbohydrates or proteins are 
possible in the absence of living precursors;—only carbon di- 
oxide, water, nitrites and sunlight are necessary. 


If, as Moore suggested, life began by the development of 
formless colloidal complexes, capable of accelerating syn- 
thesis under the influence of light rays, there still remains an 
unexplained wide gap between such hypothetical chemically 
active colloidal masses and the simplest microscopically visi- 
ble living forms, the bacteria. Possibly, the invisible, filtrable 
viruses represent an intermediate stage antecedent to the bac- 
teria, but there is no knowledge as to how much real struc- 
ture viruses have, or how many sorts there may be which 
can not be recognized, because only those that produce 
disease make themselves known. 

Presumably, the next stage in the evolution of life lies in 
those bacteria which can grow on inorganic mediums and 
synthesize their proteins, fats and carbohydrates from carbon 
dioxide and inorganic nitrogen, sulphur and phosphorus com- 
pounds. 

The step from such synthesizing bacteria to the algae with 
chlorophyll was probably the next important phase in the 
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The Amateur Scientist 


A Montuiy Feature by ALLAN Broms 





THE SPRING SAP 


N REFERRING co the Spring Sap, I do not 

mean either the spring poet nor the 
young man whose fancies fondly turn at this 
time of year. I refer to something far more 
prosaic, the sap which the warmth of spring 
turns loose within the plants. Once it begins 
to flow, the leaves bud and the flowers 
bloom,—but I must be careful lest I wax 
poetic myself. Like the blood within the 
animal, the plant sap is the bearer of the 
stuffs of life. I puc “scuffs” in the plural 
because there really are several, mineral salts, 
nitrates and so on, soaked up with water 
from the earth through the roots and borne 
aloft into the green leaf tissues where the 
real food factory is. There the green stuff, 
the chlorophyll, absorbs the sunlight and 
employs its energy to tear apart the carbon- 
dioxide taken from the air, releasing the 
oxygen and then combining the carbon with 
water to form sugars and starches which 
store the sunlight energy whose calories we 
may later consume by eating these carbo- 


stuffs are transported down into the plant 
stem by means of the circulating sap, as you 
can find out for yourself by tapping a sugar 
maple tree or sucking a stalk ot sugar cane. 
Finally those sugars and starches may go 
into storage, as in any starchy potato or 
plump sugar beet. 

Why che sap circulates is a bic of a mys- 
tery. To call the force, which lifts ic through 
the cubes of the plant stem, osmosis or 
capillarity just adds big words to the con- 
fusion. But we have an idea how the trick 
is done. Those tubes have fluted walls, 
little ridges inside running vertically along 
their Jength, with little troughs between. 
The sap does not fill the center of the tube 
at all, but flows up those very narrow 
troughs, each bit of the watery sap adher- 
ing to the ridges alongside, thus supporting 
itself just as the water wetting the side of a 
glass tumbler supports itself by sticking to 
the glass surface. In other words, the sap 
lifts itself by wetting the sides of the nar- 
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leaves, as we have just discovered, the water 
of the sap is used in making sugars and 
starches or is wasted by evaporation ftom 
the leaf surface. That would dry out the 
upper plant tubes except that the nearby sap, 
by flowing in to wet the tube surfaces, +. 
places the lost water. 

But how does that get the sugar and 
starch products of the leaf factories to moye 
downwards against the upward current of 
the sap? Ic does seem impossible, bur you 
can work that out too by means of an ey. 
periment. Put some water into a long pan 
and let it quiet down so it is perfectly sei{}, 
Then carefully put in some sugar or sale at 
one end, disturbing the water as little ag 
possible. Of course the sugar or salt dis. 
solves, but does it also move through the 
water to the other end? Touch your finger 
gently to the water at the other end and 
take a taste, at first it has no sweet or salty 
taste. Bur wait a while, then try again, 
you will find both ends of the pan of water 
equally sweet or salty. The sugar or salt 
has not only dissolved, but also diffused 
itself throughout the liquid. The same 
thing happens to the sugars and starches in 
the leaf sap, they diffuse throughout all the 
sap in the plant, doing so faster than the 
flow of the sap the other way. At least that 
is one guess as to what happens, though we 
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hydrates. Once manufactured, these food- 


row troughs of the plant tubes. 


Up in the are not too sure, 





actual creation of life as one now knows it, for only with the 
coming of chlorophyll to utilize the sun’s energy did life on a 
large scale become possible. 


Evolution of Proteins 

Since the colloids characteristic of life have as their basic 
element the proteins, one of the most important of the first 
steps in evolution was the evolution of the amino acids that 
make ou the proteins. Only about a score of the great num- 
ber of theoretically possible amino acids have been utilized to 
form all the proteins that make up the living world. 

Presumably, vastly more than these few sorts of amino 
acids have occurred in nature, yet for some reason they have 
been discarded as unsuitable or unnecessary for the sorts of 
proteins that are required to make a living organism. Nor are 
all the few known amino acids of proteins necessary for each 
and every protein, for no protein yet analyzed has been found 
to contain all of them, and many proteins seem to contain 
relatively few. It is perhaps significant that the proteins 
most concerned with cell multiplication and heredity, the 
nucleoproteins of the germcells, seem to have the smallest 
number of amino acids, as if these amino acids werethe essen- 
tial ones to keep life going and reproducing, while the rest 
represent merely those responsible for the differentiation and 
the functions less essential than reproduction. 

It is most significant, furthermore, that much the same 
amino acids are found in all living cells, whether simple bac- 
teria and yeasts, or the more complex plants and animals. 

In view of the general principle that the individual in its 
development tends to recapitulate the development of the 
species, one might hepe to find the various steps of the evolu- 
tion of the protein in the substances produced when bacteria 
or yeasts synthesize their own proteins from the simple mix- 


tures of salts that they are able to utilize in reproducing 
themselves in vast numbers. But unfortunately this is not the 
case. The reproduction is completed so rapidly that one can 
not catch the different stages. 


Chemical Steps in Evolution 


One can not hope, therefore, to learn through chemical an- 
alysis of growing cells the steps by which the proteins as they 
exist now were developed. Even chemical study of that beauti- 
ful material for the investigation of the evolution of the in- 
dividual, the developing eggs of hens, has not yet thrown 
any light on the problems of evolution, although there is room 
for much more profitable study in this field. Undoubtedly, 
closer biochemic study of developing eggs would give evidence 
as to the evolution of chemical structures. The vitally im- 
portant nucleic acids, which form so large a part of the hatch- 
ing chick, are almost entirely new-formed from other com- 
ponents during incubation. Can one not learn the chemical 
evolution of keratin, as well as one knows the morphologic 
evolution of bird’s feathers from fish scales? If one could 
follow the transformations that produce hemoglobin in the 
egg, one would probably learn how it came into existence in 
the Cambrian. Needham, who is one of the few biochemists 
attacking the problem of the evolutionary significance of the 
changes in the developing egg, brought out an interesting 
bit of evidence of the well known relationship of birds and 
coldblooded forms by showing that the developing chick and 
dog-fish embryos alike have to synthesize 90 percent of the 
scyllitol that they produce. There is, furthermore, the suggest- 
ive discussion of the “Paleochemistry of Body Fluids and 
Tissues” by Macallum, suggesting that the inorganic con- 
stituents of one’s body portray the composition of the pre- 
Cambrian seas from which one’s ancestors arose. 
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UP FROM THE APE. By Ernest A, 
Hooton, New York, The Macmillan Com- 
pany, $5. 626 pages. 


After having passed the greater part of 
his career as an anthropologist in turning 
out technical papers of interest only to 
specialists, Professor Hooton of Harvard de- 
cided it would be “more than amusing to 
write something which could be read.” That 
the subject-matter of the work thus offered 
to the lay public can be made interesting 
was evidenced by his experience as a lfec- 
turer to classes most of whom had had no 
previous instruction in the subject—though 
he admits that some of these students “en- 
dured the lectures in obvious boredom,” a 
fate which will not befall his readers. 


Although “Up from the Ape” is free 
from technical jargon and arrays of figures, 
and “does not presuppose on the part of the 
reader any knowledge of geology, biology, 
anatomy, or anthropology,” it is a serious 
scientific work, even if not “clothed in sack- 
cloth and ashes” and not expounded “in 
accents of lugubrious pomposity,” the author 
by no means deporting himself “as if he 
were in church.” Professor Hooton calls a 
spade a spade; and if his subject matter 
requires a drawing, setting forth what are 
nowadays euphemistically called “the facts 
of life,” the drawing is there—58 of them 
in all and 28 full-page plates. In the pro- 
duction of these drawings, Mr. Elmer Rising 
deserves high praise; and the photographs of 
primates, most of them due to the skill of 
Mr. Newton H. Hartman of the Philadel- 
phia Zoological Garden, rise quite to the 
realm of “art photography.” 

In view of the fact that one of America’s 
greatest mathematical philosophers has re- 
cently declared that Man “is not an animal,” 
many readers will understand why Profes- 
sor Hooton’s Part I is devoted to an easy- 
treading discussion of how animal  relation- 
ships are recognized by the scientist, why 
Man is a mammal, and why he is a Primate, 
concluded by an interesting explanation of 
“How Blood Tells.” The prejudices and pre- 
conceptions of the average man having there- 
by been disposed of as utterly unsound, 
merely by a statemenc of irrefutable facts, 
the author devotes his second section to the 
tracing of evolutionary steps—‘“The Primate 
Life Cycle’—the origin of the backbone, 
teeth, limbs, Jungs, ears and hair; the arbor- 
eal pre-primate stage; erect posture; and so 
on, in brief and rapid but comprehensive 
survey. The third section deals with the 
Primate’s individual life cycle—pre-natal de- 
velopment, childhood, adolescence, “Getting 
Married,” “Having a Baby” “Bringing up 
a Family,” ete. 

Having defined and described Man as a 
Primate and as a civilized (or nearly civil- 
ized) human being Dr. Hooton devotes the 
rest of the volume to our fossil ancestors, 
and to contemporary races (what they are, 
how they developed, and their evolutionary 
meaning). Very interesting are his specu- 
lations upon racial origins, race-mixture, and 





EVOLUTION 


the cultural achievements and mental capa- 
cities of the various races of mankind. 
Finally, the question is raised and an- 
swered, “Why Has Man Evolved?” This 
is, of course, equivalent to asking: Why 
has anything, plant or animal evolved? Pro- 
fessor Hooton offers no dogmatic answer to 
this question of questions. He shows, how- 
ever, that evolution in general and human evo- 
lution in particular must have come about in 
one of four specified ways, none of which is 
beyond intelligent debate: no one of the 
four theories that can be advanced on the 
basis of present-day lack of full knowledge 
of all factors inolved is fully satisfactory. 
Professor Hooton concludes that the pur- 
suit of natural causes leads either to the 
deification of Nature, or to the recognition 
of the supernatural, or to “a simple ad- 
mission of ignorance, bewilderment, and 
awe.” Admission of our present ignorance 
as to the causes of evolution does not, how- 
ever, imply any suggestion that new Jight on 
the complex problems involved may not be 
the reward of persistent diligence in the 
search for truth—for real and indubitable 
answers to man’s supreme question, Mean- 
while, we need always to bear it in mind 
that (to quote the concluding sentence of 
this truly useful book): “Theories of origin 
and causation are often transient and evan- 
escent; life itself can never fail to interest 
and evoke the inquiry of human minds.” 


The bibliography comprehends the more 
important follow-up works that the layman 
would find of most assistance to further 
study, The index is unusually excellent. 


Maynarp SHpLey. 


THE KEY TO EVOLUTION. By May- 
nard Shipley. Haldeman-Julius Publica- 
tions. Girard Kans, $2. 


What impresses me most after reading 
Shipley’s KEY TO EVOLUTION is not 
something specifically said, but the way in 
which all the many-sided research into 
astronomy geology and biology lead inevit- 
ably to the evolutionist conclusion. Nothing 
but reading such an account as this, which 
draws facts and quotes results from so many 
sources that one marvels how one man can 
read and acquaint himself with them all, 
only such a reading can possibly give any 
notion of the many men who are investi- 
gating, what a multitude of fields they probe 
into, and how every fact without exception, 
adds to the evidence for and helps to clarify 
the story of evolution. Nowhere else that 
we know have the whole results of modern 
research been brought together as they have 
here. Yet the entire story has been kept 
sufficiently popular, despite the fact that 
perhaps half of the book consists of quota- 
tions from the specialists. Between good 
selection of quotations and just enough ex- 
planatory text by the author, the account 
remains one for the layman. 


Though published in “four double vol- 
umes” and in paper covers it really is just 
a fair sized book, the so-called volumes be- 
ing eight sections on How Life Began; How 
Plants Arose; The Origin of Animals; The 
Origin of Backboned Animals; From Am- 
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phibian to Man; Man, Cousin to the Apes; 
Embryology and Evolution; and, Causes of 
Evolution, a very sufficient summary of the 
contents. One would have to think long 
and hard to find any phase of the entire 
subject that has not been treated, briefly 
perhaps, yet quite sufficiently for so small 
a compass, In fact one wonders how he 
ever managed to get so much matter into 
Jess than three hundred pages and still keep 
it clear for the non-specialist. 


ALLAN Broms. 


Book Chat 


By CARROLL LANE FENTON 








tt I know,” Will Rogers used to write, 

“is just what I read in the papers.” The 
statement is one which no scientist would 
make—could make—for if his knowledge 
were limited to what appears in the news- 
papers, he’d be a hopelessly ignorant person. 
But if Rogers only had said “books,” few 
scientists could have taken exception. 

My own life, outside the laboratory, seems 
to be an endless round of reading. I read 
for the facts I must use in writing—and 
then, when I do laboriously arrive at some 
conclusion or theory that seems to be new, 
I’m very apt to come upon a book in which 
someone already has published it. 

It’s somewhat comforting, then, to recall 
that even great scientists have found them- 
selves in the same situation, and have made 
their contributions by developing ideas put 
forth by others. One of the most original 
naturalists in America was Edward Drinker 
Cope—yet when we read COPE: MASTER 
NATURALIST, by Henry Fairfield Osborn 
(Princeton University Press, $5.00), we find 
that the essential evolutionary ideas of this 
unquestioned genius were published by a 
Frenchman forty years before Cope’s birth. 

Of course, that does not spoil the story of 
Cope’s life, which Professor Osborn and his 
aides have reconstructed from an almost un- 
believable number of letters. It is a life 
which contradicts all of our traditional 
opinions of a scientist’s existence. Cope was 
ever in a hurry, and ever in trouble. He 
warred with the powers in paleontology; he 
published a magazine that was always near 
bankruptcy; he spent his own: fortune col- 
lecting fossils, and eventually sold them for 
what he could get. At a time when evolu- 
tion was none too respected by scientists, he 
gave public lectures in the manner of Hux- 
ley. Old and worn, he died at the age of 
fifty-seven, one of the heroic figures in 
American science. His biography would be 
a “book of the year” in a country which 
cared for intellectual heroes. 

To read this book with full profit, one 
should know something of geologic history. 
For several years I have tried to find a book 
which surveys the processes and the past of 
the earth in language that one might read 
for pleasure. My search has not been very 
successful, though I’ve found two volumes 
which seem better than others. 

One is THE EARTH IN THE PAST, 
by B. Webster Smith (Frederick Wame, 
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Fundamentalist Follies 


In this Monthly Feature Eowin Tenny Brewster 
will refute all fundamentalist objections to evolution. 





NO TRANSITIONAL FORMS? 


Ks HERE are the transitional forms be- 

tween the various classes or orders? 
There are none. .. . there are no relics 
which even by an artificial arrangement can 
be made to show a transition between the 
different classes, or even between the vari- 
ous orders . . .” 

Thus in THe Derenver (Sept. 1931, pp. 
11, 14) George McCready Price, Professor 
of Geology and Philosophy, in Emmanuel 
Missionary College. The context shows 
that “class” and “order” are used strictly 
in the technical sense: Fishes, Amphibia, 
Reptiles, Birds, and Mammals are the five 
classes of Vertebrates each of these being 
subdivided into various orders. Letting, 
then, the orders go, and confining ourselves 
to the classes, what our Professor of Funda- 
mentalist geology and philosophy says is that 
there are no “transitional forms’, present- 
day or fossil, betweeri Birds and Reptiles, 
Fishes and Amphibia, Amphibia and Rep- 
tiles, Reptiles and Mammals. 

Well, aren’t there! Reptiles are a class. 
So are birds. And there is Archaeopteryx, 
from the middle of the Age of Reptiles, 
just about where one would expect it on 
evolutionary grounds, figured and described 
in the textbooks for three generations, 

Archaeopteryx has wings and feathers. 
Therefore, by definition, ir is a bird. But 
is has a reptilian skeleton, with three great 
claws at the angle of its wing where a 
modern bird has only a rudimentary thumb; 
it has a lizard’s tail as long as its body—as 
all birds have in the egg; ic has teeth—of 
reptilian type. Its skull if found alone, 
would have been considered that of a rep- 


tile. How much nearer could anybody get 
to “a transition between the different clas- 
ses,” reptiles and birds? 

Besides, there are the toothed birds from 
the American Cretaceous, later in time than 
Archaeopteryx and therefore more birdlike, 
already known to three generations of man- 
kind. These have proper bird’s wings with- 
our claws and the usual keel on the breast- 
bone where the great flying muscles attach. 
But they have half a hundred shoe-peg teeth 
like the reptiles and the fishes, and verteb- 
rated tails long enough to wag. Moreover, 
their vertebrae are concave on both ends, 
like all fishes, many extinct reptiles but no 
modern birds. 

How is this for a transition between two 
classes? 

To link reptiles and mammals, there are 
the mammal-like reptiles, many different 
sorts, from the end of the Permian and 
Triassic, just where they should appear in 
the evolutionary series. The more primitive 
kinds are certainly reptiles, reptiles in every 
bone and joint. But they have the general 
build of a dog, standing weli off the ground 
on four strong legs. Some of them have a 
mammal’s teeth, not the numerous conical 
peg-teeth of all other reptiles that have ceeth 
at all, The more advanced forms are so 
like mammals chat it is merely a verbal quibble 
whether they shall be considered mammals 
or reptiles. 

But one need not to go back to any 
“relics” for “transitional forms” between two 
classes. The class Amphibia itself is just 
such a link between reptiles and fish. 

Fish breathe by gills only—barring, of 





$4.50) an English book with remarkable 
illustrations. Those which are photographs 
are very fine; those made from drawings are 
astoundingly poor, where they involve restor- 
ations of fossil animals. As a survey of geo- 
logic history, however, the book does quite 
well, even though some of its theories are 
rather old-fashioned. Unless one reads a 
textbook he can do no better. 

But what textbook? There are several 
good ones in the field of geology, yet not 
many that are convenient and_ readable. 
Fortunately, one of the best has appeared in 
a new edition—ELEMENTS OF GEOLOGY, 
by William J. Miller (D. Van Nostrand, 
$3.00). I like ic because, in less than 500 
pages, it presents the essentials of geology, 
with direct reference to regions in North 
America. Now that we have become a 
nation of nomads, we travel each summer 
through much of the country that Dr. 
Miller describes, so that his text may serve 
almost as a guide book. As one glances 
through che abundance illustrations, he will 


find many that show familiar scenes, accom- 
panied by -texe which tells what the scenes 
signify—and thereby makes our own visits 
to them worth while. 

But this is mot quite what I started out 
to say. Most of us don’t read when we are 
on vacation; nor can we hope to visit all of 
the places mentioned in any good textbook 
of geology. The value of such a book 
lies partly in explaining things unseen, and 
partly in assembling its information where 
we may get it quickly, when ever we want it. 
This requires careful selection and organiza- 
tion, plus a good index, which textbooks un- 
happily do not always possess. That ELE- 
MENTS OF GEOLOGY meets these require- 
ments is the best evidence I can offer that 
it is a suitable introduction to a science in 
which “popular” (which means pleasantly 
readable) books are very few, and of none 
too high calibre. Yet this remark may not 
be quite fair—for unless one demands his 
intellectual food very, very soft and sweet, 
he'll find Dr. Miller pleasant reading. 
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course, the lung-fishes which have lungs be. 
sides. So, too, does the Mexican salaman. 
der axolotl which never develops lungs at 
all. But the same species farther north js 
like most other salamanders and newts. J, 
starts life as a fish, with gills only. Later, j¢ 
acquires lungs and loses its gills, just as the 
frogs and toads do. So, in general, an 
amphibian starts life as a fish and ends jr 
as a reptile. But various amphibians, cy, 
common mud-puppy among them, starting 
as fishes, develop lungs without losing their 
gills, and for the rest of their lives are both 
fishes and reptiles breathing whatever they 
can get. But certain toads, and various of 
the tailed amphibians besides, have put the 
gill-bearing fish stage back into the egg, 
and hatch as air-breathers only. 

So we have in the amphibia absolutely 
all stages between fish and reptile. Most 
amphibia, in a single brief lifetime, run 
through them all. 

So much for breathing organs. Lungs sug- 
gest hearts. Great play has been made by 
certain Fundamentalists over two, three, and 
four-chambered hearts. Two, three and four 
being discrete integers there can’t be any 
evolution from any to the next! 

But Jet us see! Fishes have in their hearts 
two chambers only—except, as usual, the 
lung-fishes which have three. The amphibia, 
as tadpoles, have a two-chambered heart, 
being essentially fishes. As adults they 
change to three chambers which is charac- 
teristic for reptiles which the adult amphib- 
ian essentially is. 

But while the amphibian heart is, when 
adult, frankly three-chambered, _ lizards, 
snakes, and turtles among the reptiles have 
the ventricle partly divided by a septum. 
This septum is variously developed in dif- 
ferent reptiles. In the crocodile it is vir- 
tually complete, so that the crocodile has 
the four-chambered heart of mammals and 
birds, except for a small aperture through 
which no blood circulates. Thus the tran- 
sition is complete from two chambers to 
three and from three to four, precisely as 
it should be on evolutionary grounds, 

So with all other organs. In general, con- 
ditions are simplest in the fishes; but some 
fishes foreshadow what the amphibians are 
to exhibit. Various amphibia, either in their 
adult state or as they pass from pollywog 
to adult, exhibit all transitions from fish 
to reptile. Reptiles, present-day and fossil 
together, bridge virtually all che gaps be- 
tween themselves and the birds. Ey way of 
the theromorphs, they tie themselves in all 
sorts of ways to the lowest mammals—the 
egg-laying mammals of Australia. 

The fishes, in short, are ancestors to the 
amphibia. The amphibia, in their turn are 
ancestors to the reptiles. But the reptiles 
have two offspring, the mammals and the 
bicds, neither of which is ancestor to the 
other, though Fundamentalists are wont to 
attribute this opinion to the scientific world. 

Evidently, chen, Fundamentalist natural 
history is not at all the, kind one sees in 
actual fossils or observes for himself in the 
local frog-pond. 
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How They Argued 


Compiled by Pauline H. Dederer 





1600 YEARS AGO 

Lactantius wrote an essay on the Heretical 
Doctrine of the Globular Form of the Earth. 
He said: “Is it possible that men can be so 
absurd as to believe that there are crops and 
trees on the other side of the earth that 
hang downward, and that men have their 
feet higher than their heads? If you ask 
them how they defend these monstrosities? 
—how things do not fall away from the 
earth on that side?—they reply that the 
nature of things is such, that heavy bodies 
tend toward the centre like the spokes of 
a wheel, while light bodies, as clouds, smoke, 
fire, tend from the centre to the heavens on 
all sides. Now I am really at a loss what to 
say of those who, when they have once gone 
wrong, steadily persevere in their folly, and 
defend one absurd opinion by another.” 
Draper: History of Intellectual Development 


-of Europe. 


500 YEARS AGO 

“There arose a grievous quarrel among 
the brethren over the number of teeth in the 
mouth of a horse. For thirteen days the dis- 
putation raged without ceasing. All the an- 
cient books and chronicles were fetched out, 
and wonderful and ponderous erudition, 
such as was never before heard of in this re- 
gion, was made manifest. At the beginning 
of the fourteenth day, a yourhful friar 
asked his learned superiors to look intheopen 
mouth of a horse for answer to their 
questionings. At this, their dignity being 
grievously hurt, they waxed  ex-eedingly 
wroth; and, joining in a mighty uproar, they 
fley upon him and smote him hip and 
thigh, and cast him out forthwith. For, said 
they, surcly Satan hath tempted this bold 
neophyte to declare unholy and unheard-of 
ways of finding truth contrary to all the 
teaching of the fathers. After many days 
more of grievous strife they as one man, 
declaring the problem to be an everlasting 
mystery because of a grievous dearth of 
historical and theological evidence thereof, 
so ordered the same writ down.” Quoted in 
Science Progress, Credited to Francis Bacon, 


100 YEARS AGO 

"There was circulated in New England 
a paper which put forth the following ob- 
jections to the introduction of gas lighting: 

A theological objection: Artificial _illu- 
mination is an attempt to interfere with the 
divine plan of the world, which had pre- 
ordained that the night should be dark. 

‘A medical objection: Emanations of il- 
luminating gas are injurious. Lighted streets 
will incline people to remain out of doors, 
thus leading to more ailments through colds. 

‘A moral objection: The fear of darkness 
will vanish and depravity increase. 

‘Police objection: Horses will be fright- 
ened and thieves emboldened.’” Article in 
Connecticut. Newspaper, 1926. 


TWO YEARS AGO 
“An cffort should be made this winter 
in every state, to secure by legislative enact- 


EVOLUTION 


ment, a Jaw prohibiting the teaching of the 
brute origin of man in tax-supported schools 
and colleges, since the false ‘science’ of evo- 
lution is the chief support of infidelity and 
atheism. 

“I shall be glad to send free a copy of 
my ‘Evolution Disproved’ by 50 convincing 
scientific arguments, to all members of com- 
mittees considering such bills — — —. 

‘Will you kindly insert this notice for 
the sake of the truth and the protection of 
youth?” Rey. W.A. Williams. Camden, N. J. 


LAST YEAR 

The Tennessee House of Representatives 
gave approval to the statute prohibiting the 
teaching of the theory of evolution in schools 
wholly or partly supported by state funds, 
by rejecting a bill to repeal the law. Only 
14 voted for repeal, while 58 voted to sus- 
tain the anti-evolution law. 





Question Box 


Answers by Allen Broms, unless otherwise 
credited. Send your questions. 





SCIENTIFIC JAWBREAKERS 

Q. Why do scientists use those big Greek 
and Larin words? Why not understandable 
English ones? Are they trying to mystify? 
—F. R. M. 

A. Depend upon ic, the scientists are 
trying to clarify, not mystify, though some- 
times their jawbreaker words seem to belie 
that statement. Usually the trouble is, 
however, that we are not familiar with the 
things they talk about. If we knew about 
them, the words naming them would not 
seem hard at all. Witness the words Hippo- 
potamus, Rhinoceros, Elephant, Boa Con- 
strictor, etc., all of them big and Greek, yet 
giving us not a single worry because we know 
about the things they mean. Just to prove 
that, consider the easy, two-syllable word 
“hallux,” Now really you should know 
what that means, you certainly have had it 
in your mouth often enough, at least as a 
youngster, for the word just means what you 
call “big toe.” Then why does not the 
scientist just say “big toe”? For several 
reasons; for one thing, the big toe among 
some animals is not really the big one, so 
the name often would not apply. In the 
second place, a German scientist would have 
to translate “big” and “toe” into his lang- 
uage, and a Frenchman into his, and so on, 
while they do not have to translate hallux 
at all, that being common to all the lang- 
uages, or should we say it is a word of a 
common international _ scientific language 
which all scientists understand. A _ third, 
and very good, reason is that we would soon 
run out of distinctive English descriptive 
names, we would just have to use the same 
words over and over again, and name our 
plants and animals by describing them in 
detail, which, of course, would not do at all. 
The scientist’s jawbreakers do look formid- 
able, but only until you get acquainted with 
the things he means. That requires studv- 
ing his sciences, without which his words 
mean very little anyway. 
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Funnymentals 





Thus the wife of a missionary, laboring 
with “undraped denizens of the woods,” 
somewhere south of Suez: 


“The natives were greatly amused when my 
husband told them that there were a few 
white men who thought that men were the 
descendants of monkeys. Some of the sav- 
ages lay down on their backs and giggled 
with laughter at the idea.” Quoted; Chris- 
tian Faith and Life, August, 1931, p. 435. 


“Evolution is not only 
anti-Christian, and anti-Spiritual, but is 
contrary to the best conception of science 
in fact as well as in reason. How some 
scientists, who pride themselves on the rigid 
conformation of their theories to the tests 
of experiment and observation, can even 
think evolution is a shrewd theory marks 
them as devoid of real scientific skill. It is 
the most unscientific theory held by thinking 
men today, There is not a properly applied 
principle of science which will justify such 
a position. Every basal law of science has to 
be set aside to permit it.” From a sermon 
by the hero of “Our Serial—The Clamping 
of the Shackles”, Christian Faith and Life, 
August, 1931, p. 446. 


anti-Scriptural, 


“Believers in evolution are one-third beast, 
one third devil, and one-third university pro- 
fessor”. Rev. Dixon, sermon 


Baptist Church, New York City. 


“The U. S. Government maintains a de- 
partment for Pest Control and Eradication. 
We do not know which our prominent Uni- 
versities need the most,—the de-lousing 
machines that were used in the army, or the 
rat catchers that patrol the sewers of the 
great cities in time of peace.” Editorial in 
Christian Fundamentalist, April, 1932. 


in Calvary 


SEND US FUNNYMENTALS 


if you run across remarks of fundamen- 
talists that you consider worthy of publica- 
tion in this column. But be sure to quote 
accurately and give exact authority. 





MORE BONERS FROM EXAMS 

The Rhinoceros has three feet therefore 
an odd number of toes. 

Peristalsis is a syncopated 
necessary in digestion. 


movement, 


The first man pertained to Erectus Phil- 
antrocreepus. 

Puberty is the period that intervenes be- 
tween adolescence and adultery. 

The Protozoa move by extending a 
pseudonym and moving the rest of the body 
into it, 

A peneplane is a land form which has 
reached the lowest depth of degradation 
while trying to remain on the level. 

The gall bladder is a secretive: gland. 

* 


Readers are invited to report “Boners”. 
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THE BRAY BETRAYS HIM 


The curent issue of the Christian Funda- 
mentalist carries a full page announcement 
of The Research Science Bureau, Inc. as 
“one of the most unique Corporations in 
America.” ‘Unique’ is right. For lo and be- 
hold, it is “to conduct research in all phys- 
ical sciences, for the defense of the Bible.” 
Its membership is limited to “persons of 
good moral character”, who “believe the 
Bible” and come across with five bucks. 


One of our readers in North Carolina 
writes us that Rev, Harry Rimmer, while 
exhorting converts to join this “scientific” 
society, specified as qualification for admis- 
sion to its learned ranks that you “must not 
believe in evolution’. 

Fundamentalist bigotry, trying to camou- 
flage under the mancle of a scientific sound- 
ing name. Buc “The Bray Betrays Him”. 


cience , 
Foundation. 


EVOLUTION 


THE BRAY 
BETRAYS HIM. 


“SCIENCE FALSELY SO-CALLED.” 


A NEW SHOW IS PROMISED 
Ac the suggestion of a Dr. J. G. Huis- 


inga, who is “a little weary of the American 
Association for the Advancement of Sci- 
ence, in that ic is too hospitable to atheism’, 
the editor of the Christian Fundamentalist 
proposes the oryanization of an “Associa- 
tion of men of science in all its branches, 
having as chief qualification for entrance, 
Christian Faith’. He promises to “report 
Progress in our next issue”. 

We'll keep one eye peeled, brother, Whar 
an entertaining season this promises to be. 


QUOTH THE MONKEY 
“Evolution”, quoth the monkey, 
Maketh all mankind our kin; 
Theres no doubt at all about it:— 


Tails you lose and heads we win.” 
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Subscribers Will Not Lose 


because of Evotution’s failure to appear 
for some time. All subscriptions are ex. 
tended for the missing months until ful] 
twelve issues are received for the year’s 
subscription. If in doubt about expiration 
of your own subscription, please renew, 


Send Your New Address 


if you've moved, Also mention your old 
one, so we can locate it on our mailing lise, 
arranged geographically. 


Please Return First Three Issues 

of Evotution. Numbers 1, 2 and 3 of 
our Volume I, needed to complete sets of 
back numbers for Libraries. Write your 
own name and address on outside wrapper, 
and we'll extend your subscription for as 
new numbers. 


Katterfeld Going West 


to California during May and June on 
behalf of Evotution. Readers who would 
like to have the Managing Editor call on 
them please drop a line, so that he may if 
possible include their cities in his tour. 


many 


EVOLUTION DEBATE 
McCabe-Riley debate in full in three 


issues of Evotution. Postpaid 25c; 
12 for $1.50} Sells like hot cakes at 
meetings. Address: Evoturtion. 


—_ 


BEST EVOLUTION PAMPHLET 


The clearest, simplest explanation of 
evolution is “The Proofs of Evolu- 
tion” by Henshaw Ward. Excellent 
for beginners and opponents. Post- 


paid for 10c; 20 for $1. Address: 





Evotution, 200 Varick St., N. Y.C. 











Surely you have some friends 


who would benefit from reading Evolution:—Someone groping toward the light, whom Evolution 
might help to throw off the shackles of superstition,—or some busy man or woman who would ap- 
preciate being kept abreast of the latest developments in natural science without too much verbosity, 
—or some High School student eager to know more about evolution than is given in the class room. 


Wouldn’t you be doing them a favor 


by bringing Evolution to their attention? 


Make their lives more interesting by securing their sub- 


scriptions right away. Or cause them to remember you as long as they live by paying for their sub- 


scriptions yourself. 


Ao make this easy for you 


as a special introductory offer we'll send Evolution for the rest of this year (8 numbers) for only 
one dollar, if you will send in a list of three or more subscriptions this month. Send as big a list 


as you like. 


THREE 
SUBSCRIPTIONS 


POLYTYPE, INC., NEW YORK 


EVOLUTION, 
200 Varick St., New York, N. Y. 


(An Evolution subscription makes a most appropriate graduation gift.) 


THREE 
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